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THIRD WORKSHOP ON FIRE BLIGHT RESEARCH 


Statement of Receipts and Expenditures 


RECEIPTS - Goods 


Proceedings Printing, Binding and Postage USDA - ARS 


RECEIPTS - Cash 


Donations from Agri-chemical firms $1,000.00 


[Merck Chemical (Research), Merck 
Chemical (Development), I.C.I., 
US, Stauffer Chemical Corp., 
Ciba-Geigy Corp., E.I. duPont de 
Nemours, Inc., Pfizer, Inc. ] 


Personal Donation (Prof. K. G. Parker) 25.00 
Full Registrations (40 @ $10) 400.00 
Partial Registrations (8 @ $2.50) 20.00 
Bar-B-Q Admissions (7 @ $5) 35.00 


Total $1,480.00 


EXPENSES 

Bus Charter a byearls 
Meeting Refreshments 87.96 
Reception 112.04 
Bar-B-Q 248.10 
Meeting Expenses (microphones, tapes, 

guest meals, name tags, etc.) 39573 
Travel Assistance 760.64 
Program Printing 19.83 
Misc. Gaphics and Printing 20.64 


Total $1,441.69 


BALANCE +7 $538.31 
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The Apple and Pear Disease Workers 
acknowledge with thanks the contributions 
of the following companies toward costs of 


the Workshop: 


Agway, Inc. 

Ciba Geigy Corporation 

E. I. du Pont de Nemours & Company 
IgG. be United States, Inc. 

Merck & Company, Inc. 

Beaver, Loc. 


Stauffer Chemical Company 
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PROGRAM COMMITTEE 


T. van der Zwet, USDA, Beltsville, Chairman 
M. Abdel-Rahman, Agway, Fabius, NY 

H. S. Aldwinckie, NYSAES, Geneva 

S. V. Beer, Cornell University, Ithaca 

H. L. Keil, USDA, Beltsville 


REGISTRATION 


To cover costs of the workshop, all attendees must 
_ register. Full workshop including bus trip and 
barbecue: $10.00. Monday and/or Wednesday 
‘only: $2.50 ; 


All meals taken in Ramada Inn must be billed to 
room or paid in cash after meal. 





Sunday, September 19, 1976 
5:00 p.m. Welcoming Reception and Registra- 
tion (Room 147)... 
6:30 Dinner (independently) 


8:00 Welcoming Reception and Registra- 
tion (Room 147) 
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Monday, September 20, 1976 


7:30 a.m. Breakfast (together) 


8:30 


_ 8:40 


10:00 


1045 


Opening Remarks: S. V. Beer (Ithaca) 
Welcome by W. K. Kennedy, Dean, 
College of Agriculture and Life 
Sciences, Cornell University 


Registration 


~} 
EPIDEMIOLOGY 


Epiphytic and internal Erwinia 
amylovora, monitoring, bacterial 
strands, weather, etc. : 
S. V. THOMSON (Berkeley), Chair- 
man; S. V. Beer, E. Billing (East Maill- 
ing), G. Bonn (Harrow) 


Coffee break 


Cankers, dissemination of pathogen, 


bacteriophages, Erwinia herbicola, 


“etc. : 
. EJ. KLOS (East Lansing), Chairman; 


12:00 Noon 


130'0.m: 


(s15 ; 


3:30. 


D. F. Ritchie (East Lansing), S. V. 


Beer, A. K. Chatterjee (Davis) 


Lunch (Buffet, together) 


PHYSIOLOGY 


Host ultrastructure, amylovorin, 
bacterial aggultination, etc. 


R. N. GOODMAN (Columbia), Chair- 
man; T. M. Sjulin (Urbana), S. V. Beer, 
L. N. Gibbons (Guelph), A. K. Chatter- 
jee a‘ 


. Coffee break 


Biochemistry, tree nutrition, induced 
host resistance, etc. 


J. KUC (Lexington), Chairman; H. L. 
Keil (Beltsville) 
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6:00 


8:00 


Dinner (Group outing to Stone House | 


Inn) 


‘CONTROL MEASURES 


Chemical control, insects, strep- 
tomycin resistance, biological con- 
trol, etc. 


H. L. KEIL, Chairman; S.V. Thomson, 


_W. J. Moller (Davis), G. Bonn, M. 


Abdel-Rahman (Syracuse), S. H. 
Davidson (Wilmington), S: V. Beer 


Tuesday, September 21, 1976 


7:30 a.m. Breakfast (together) 


8:30 


Field Trip to Research and Commer- 
- Cial Hg in PAD cell me one 


12:00 Noon Lunch cs ae! oe 


1:30 p.m. Tour of Fire Blight Field oneal any 


3:00 


O15: 


5:30 


8:00 


on E <b sake aes Ae te ete 
x ee at oe wha a Sia aw RI Ta SE i a eg tH NOD = 
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at New York State Agricultural Ex- 
periment Station, Geneva 


Coffee break in Plant Pathology 
Department, SEMEN 


_ Tour of spots Facilities and 


~ Greenhouse Fire Blight Expo cme bts 


‘Barbecue Supper at Geneva 


“CURRENT STATUS. AND 


- . EPIDEMIOLOGY OF FIRE 
_- . BLIGHT IN EUROPE” 


W. Zeller (Germany) 


_C.A. R. Meijneke (Netherlands), 
~ ~E. Billing (England) 
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Wenesday, September 22, 1976 


7:00 a.m. 


8:00 


9:30 


9:45 


- - 11:30. 


1:30 om. 


Jas een PR wilh ep eA a na ND pai RE lie = SB POOR LAE II Cot 


Breakfast (together) 


CAUSAL ORGANISM 


Virulence, pathogenicity, genetics, 
selective média, strains, etc. 


M. N. SCHROTH (Berkeley), Chair- 
man, A. K. Chatterjee, L. N. Gibbons, 


'D. F. Ritchie, S. M. Ries (Urbana) 


Coffee break 


RESISTANCE 


Sources, inheritance, seedling 
screening, breeding—apples, pears, 
rootstocks. 


H.S. ALDWINCKLE (Geneva), Chair- 
man, S. V. Beer, E. Billing, U.N. Cum- 
mins. (Geneva), G. Bonn, T. van der 
Zwet eee) 


Lunch. 


Field Trip to Test Plots of Agway, Inc., 
Fabius, NY 


M. Abdel-Rahman 
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EPIDEMIOLOGY OF FIRE BLIGHT BLOSSOM INFECTION 


Steven V. Beer 
Department of Plant Pathology 
Cornell University 
Ithaca, N.Y. 14853 


The blossom blight phase of fire blight reduces the current season's 
crop, may be the starting point for severe tree damage, and provides inoculum 
for later infection stages. In recent years, blossom blight control has 
received more attention than other phases because it is more easily 
controlled by chemical means. In general, the bloom period is limited and 
thus the protectant or weak eradicant control materials, now available, can 
be applied during a definite time segment. Vegetative shoot infection is 
more difficult to control because shoots are susceptible for a longer time 
during the growing season. 


Because of the importance of blossom infection, studies were undertaken 
to determine the influence of several factors on its development. Two 
types of studies were carried out. Under precisely-controlled conditions 
using blossoms on potted trees held in controlled-environment chambers, 
individual blossoms were inoculated with 10 ul‘ of suspensions containing 
known numbers of viable Erwinia amylovora cells [Ann. Appl. Biol. 81:159 
(1976)]. Variables included in these experiments were inoculum dose, 
incubation temperature, nutrient status and cultivar. In another series of 
experiments, apple blossoms on trees in a research orchard were inoculated 
by spraying the blossom clusters with suspensions containing known concen- 
trations of Erwinia amylovora. The effects of inoculum dose, time of 
inoculation and cultivar on the amount and rate of infection development 
were evaluated. 


The orchard studies formed the basis for the development of techniques 
used to assess various materials for the control of blossom blight. 


Most of the experiments were done with inoculum that: had been prepared 
in advance. A single colony isolate of Erwinia amylovora was grown in 
broth shake culture. Log phase cells were harvested by centrifugation, 
resuspended in skim milk and frozen at -20 C. (Techniques of inoculum 
preparation and tree inoculation are described in detail in an article that 
will shortly appear in Fungicide and Nematicide Techniques, a new book 
scheduled to be published by APS.) 


For the precisely controlled studies, potted dormant trees were stored 
at 2 +2. Trees were grown in a greenhouse until shortly before bloom 
when they were placed in controlled-environment chambers. All blossoms not 
at the proper stage of development were removed and the remaining were hand- 
pollinated. Usually, about 25 spurs containing 3-6 similar blossoms each 
were inoculated per treatment. Ten microliter amounts of E. amylovora 
Suspensions were placed on the receptacle surface (without wounding) with 
an Ependorff pipette. Individual blossoms were examined at 8 hr intervals 
for the development of symptoms. Symptomatic blossoms had ooze on the 
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exterior surface of the receptacle or pedunckle and water soaking and 


necrosis typical of fire blight infection [Proc. Am. Phytopathol. Soc. 2: 
foe(1975) |: 


Tne time required for development of symptoms was negatively corre- 
lated with pcubation temperature and inoculum dose. When the inoculum 
dose exceeded ca. 10° cells per blossom, the final amount of infection was 
independent of incubation temperature. However, the final amount of 
infection was pos teively correlated with incubation temperature with an 
inoculum dose of ca. 10° cells per blossom. Differences in the amount of 
infection that developed when pear cultivars were inoculated with identical 
inoculum doses were more apparent at low doses. The results of these 
experiments raised questions concerning E. amylovora population dynamics in 
inoculated blossoms. 


Changes in numbers of E. amyl overs cells in inoculated blossoms were 
followed by harvesting individual blossoms at intervals and washing or 
grinding them in sterile buffer. The macerates or washings were dilution- 
plated on Crosse and Goodman's medium [Phytopathology 63:1425 (1973)] to 
determine viable cells per blossom. During the first 12 hrs after inocu- 
lation of pear blossoms with ca. 104 cells per blossom, at 21 C, a rapid 
decline in number of E. amylovora cells recovered was noted. More cells 
were recovered from blossom macerates than washings suggestings movement 

of the bacteria into the internal blossom tissues. By 24 hrs, cells 
recovered had increased to approximately the same level as nad been applied 
at inoculation. After 24 hrs, the number of cells recovered increased 
logarithmically to a maximum of ca. 108 cells per blossom at 6 days when 
symptoms were well developed. The proportion of blossoms with E. amylovora 
populations in excess of 5 x 106, 4 days after inoculation when no symptoms 
were apparent, was approximately equal to the percent of symptomatic 
blossoms 5 days after inoculation. The changes in E. amylovora numbers 

at 21 C were studied also in 0.05 M potassium phosphate buffer, nutrient 
broth and Kado's 523 broth. In the buffer, E. amylovora numbers declined 
steadily until none were detectible after 48 hrs. A slight lag period 

was apparent in the nutrient broth before logarithmic increase occurred. 

No lag period was observed when E. amylovora was transferred to the enriched 
Kado 523 medium. In contrast, E. amylovora numbers in inoculated pear 
blossoms declined sharply for the first 12 hrs and then increased. These 
data suggest that blossoms may inhibit or kill E. amylovora cells 

initially and the ultimate amount of infection may be related to the number 
of blossoms in which the bacteria survive the lag phase of development. 


In field studies on apple similar results regarding the rate and 
amount of infection development as a function of inoculum dose were noted. 
Rate of infection development and ultimate amount of infection were positively 
correlated with inoculum concentration. In addition, more infection developed 
more rapidly in blossoms of the Twenty-Ounce cultivar than in blossoms of 
the Idared cultivar. 


It is hoped that these data may form the basis for the construction of 
a mathematical model of blossom blight which may be useful in predicting the 
need for control measures and disease severity, 
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Fireblight prediction - 
Eve Biliane- 
A system has been developed, based on temperature and 


rainfall records, which seems to have predictive value 


in south-east England and is under test elsewhere. 


An assessment of the potential doublings (PD) of the 
pathogen per day is obtained from a table based on 
in vitro growth rates at different temperatures (Billing, 1974). 
This combined with a rain score (R), derived from field 
experience, is used to determine the length of an 
incubation period (1) using an equation derived from previous 
studies (Billing, 1976). The incubation period is deemed 


to end when 


Tee me = Peo) 
36 


The degree of precision of this system remains to be 
tested but there was a good correlation (r = 0.907, P<.001) 
between the number of completed incubation periods per 
season and the number of infected trees reported over the 
period 1959 to 1968 (omitting 1963). 

References 
Billing, E. (1974). J. appl. Bact. 37, 643-648. 


Billing, EB. (1976). Ann. appl. Biol. 82, 259-266. 





1/ Department of Plant Pathology, East Malling Research 


Station, East Malling, Maidstone, Kent, England. 
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"OCCURRENCE OF FIRE BLIGHT STRIKES DURING THE GROWING SEASON : 
W. GORDON BoNN 2, 


Fire blight is a major limiting factor in the pear industry in Ontario. 
The disease has repeatedly reached the epiphytotic level in many orchards 
throughout the province and has forced growers to limit pear acreage 

and the potential yields. The common control method for fire blight 

has been a reduction in fertilizer applied to the trees and the sub- 
sequent decrease in fruit production. 


A major survey in the early 60's as well as several others in the 70's 
for pear fire blight indicated that most losses occurred as a result of 
twig blight. Blossom blight was also reported, however only one was 
ever confirmed as fire blight, Thus, it would appear that losses in 
pears were due to twig blight and its extension into older wood. 


The current fire blight study was undertaken to determine the incidence 
of twig blight in a commercial orchard throughout the growing season. 
Individual fire blight strikes were counted On a weekly basis from 
blossom through to mid September. 


Blossom blight was not observed during the past three seasons and 

this was consistent with previous observations on the lack of blossom 
blight in this area. Twig blight, on the other hand, was first observed 
at the beginning of June and continued through to the last observation 
date (Fig. 1). During June the number of new fire blight infections 

was low but increased dramatically in July and then decreased in August. 
Since the period of greatest damage occurs during a relatively short 
period in mid-summer, appropriately timed applications of spray 
materials may effectively reduce losses due to twig blight. 


1 Research Scientist, Research Branch, Agriculture Canada, 
Harrow, Ontario, NOR 1G0 
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FIG. 1. OCCURRENCE OF FIRE BLIGHT STRIKES 
THROUGHOUT THE GROWING SEASON 
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EPIDEMIOLOGY (Part I) 


Discussion of S. V. Thomson's Presentation 


A = Aldwinkle G = Goodman M = Moller Bly =.Blake 

Be = Beer Ke = Keil S = Schroth C = Cummins 
Bi = Billing Kl = Klos T = Thomson D = Davidson 
Bo = Bonn Ku = Kuch vZ = Van der Zwett 


Those that have considered the osmotic concentration of nectar, and I don't 

know whether they've worked with the stigmatic fluids, but I know that nectar 
seems to be a feature that either permitted or precluded infection, that is, 

if the osmotic concentration of the fluid--of the nectar--was too high, you 

had no bacterial multiplication. So I wonder whether or not the stimulation 

was rain or the addition of rain is actually a dilutant of the osmotic con- 
centration of, say, stigmatic fluids, and nectar, to give you then an atmosphere 
in which bacteria can grow. 

In examining the work on sugar concentration in media, I could not find any 

real evident support that nectar concentrations influence infection. It 

appears as if it was purely hypothetical. We know that Erwinia amylovora can 
multiply in high concentrations of sugar. Your own work using the sucrose medium 
indicates this also. 

Well, you know, that occurred to me too. You know, I think that the osmotic... 
well, if you take a look also at Shaw's work, osmotic concentration is in fact 

a very strong feature in the rate of growth. I mean, as you increase osmotic 
concentration you can reduce bacterial growth significantly. My own medium, as 
you know, provides only restricted growth and I think the medium that you work 
with also has that sort of restriction, whether it's placed on osmotic concentra- 
tion, I don't know. But I do think that it's worth considering or reconsidering. 


I'm not saying that that's the fact. 
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Bi: 


Bi: 


I don't think it's a straight osmotic effect, but I'm sure those water re- 
lationships are terribly important, from our experience. And I wonder whether 
these populations you find in blossoms are in the middle of their incubation 
period. (I'll be talking about incubation period at the time of infection, at 
the time of symptom expression.) And later in the season, but I think not only 
in the season, if whether it's dry, I think the things will stick. And so, 
yes, water in some form must be.... Now I've done some experiments some time 
ago with growth of the bacteria at different osmotic concentrations of sucrose, 
and I was surprised at what heppened. It increased the lag, but once the lag was 
over, within the limits of my experiments, the rate, at quite high concentration 
dropped to .... They're rather incomplete experiments, but the osmotic thing 
is not simple and straightforward, and I don't think water relationships are 
Straightforward. But water, I swear, is the key in our work. 

Certainly the bacteria are capable of multiplying on the stigmatic surface, which, 
by the way, does not contain carbohydrates. There may be other compounds which 
influence the osmotic pressure, but there are no simple sugars such as glucose or 
fructose. 

It's different at different times of day. 

There's an experiment that comes to mind--I don't think it's been done--at least 
I haven't read about it, but if one was to put seedlings or plants under stress, 
under moisture stress, where you could actually calculate the amoutn of moisture 
in a shoot at a given time, and then inoculate under those condition. Would you 
be able to suppress infection or create a longer lag by putting the plant under 
greater moisture stress? What I'm considering is that intercellular space is 

the area where the bacteria must be growing. If you decrease the amount of 
available moisture, you also decrease the amount of moisture in the intercellular 
space. And there too, you may be affecting, pardon the expression, “osmotic 


concentration." 
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Bob, I haven't done that experiment exactly, but I have worked with flacid seed- 
lings which are perhaps 3-4 weeks old. The total number of plants expressing or 
manifesting disease will be greater if the plants have their normal turgor and 
the total number manifesting disease will be less if the plants are slightly to 
excessively flacid. These are not blossoms, you understand, these are just 3-4 
week-old seedlings. 

How do you inoculate them? 

I just atomize the inoculum at about TOar: the plants. 

No wounds? 

No wounds. It's a very pathogenic strain that Harry Keil has and you don't have 
to wond to get disease to take. But is does go down if the plants are flacid and 
the line will stay flat or slightly raised if they are turgid. 

What sort of seedlings are they? 


Romes. 


Discussion of S. V. Beer's Presentation: 


Bo: 


Be: 
Bo: 


Be: 


Steve, in that last slide you showed us, were those blossoms protected from out- 
Side bacteria coming in after you had inoculated them? 

No. 

I was just wondering about when you inoculated with a low concentration of bacteria 
with an incubation period of twenty days, whether that wasn't caused by bacteria 
that were present in the orchards? 

It could have been, but I don't think it was, because under our conditions bloom 
doesn't last very long, and we know that as the blossom ages it becomes less and 
less susceptible, so I think we would have to have inoculation occurring within a 
day or two after our official inoculation in order to have that. 

I'm not sure I understand that question raised by Gordon. Which slide are you 


referring to? 
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The last slide he showed. 

The one where there was a drop at the end of one day? 

No, I was looking at the low concentration levels in which there were no 
symptoms until approximately twenty days later. 

I don't think that's an unusual response, it was just normal field infection, 
oftentimes we will see no blight on blossoms in the field, but some three 
weeks later we will see some blight that we can associate back with the 
blossom period. 

Why is that Harry? 

Well, I really don't know. I think there's a big lag because of the tem- 
perature or environment, or something like that, Ed. That's the only thing 
that I would suspect. 

I'd like to mention just one other thing. We did a comparison because we 
were seeing this lag in the number of bacteria recovered after inoculation. 
We wanted to see what that really means. We put a given number of bacteria 
in a phosphate buffer and then followed the number that we could recover and 
it went down kind of like that. 

What was the concentration at the outset? 

It would be a thousand per 10 lambda, because it was the same concentration that 
we placed in the pear blossom. So, in phosphate buffer, you got something 
like this at 21 C. If we put it in nutrient broth, we get a bit of a lag 

and then it comes up. If we put it in Kado 523, which is a medium,kind of like 
nutrient broth, with lots of sucrose in it, there's no lag. Now, if you put 
it in pear blossoms, we find there is a sharp decline to 12 hours, and then 
it takes 24 hours to get back to where we started, and then we get a log 


increase. 
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Lelliot has found just this same thing. 

It struck me as sort of a possible killing effect by the blossoms. I just 
present this, and wonder what other people would think of it. 

In addition to that I think that these are two separate effects: the bacteria 
which are put in buffer is decay that one sees in a medium such as water without 
any protection of the bacterial cell. If the numbers of bacteria are low. If 
you use 10° cells per ml, you don't pick up that decay. But if you put in from 
a thousand to 100 cell per milliliter in distilled water, in half an hour you 
can't find live bacteria. They just decay so quickly. But I believe that the 
line that you drew, Steve, for the blossom feature, that's something else again. 
I think that's more than just natural decay in an unprotected medium. 

Well I think Covey and Coyer had similar data to this which was from field 
blossoms actually where they inoculated trees in the field and it showed 


exactly what you say. 


Discussion of Eve Billing's Presentation 


Prior to infection, can you predict when disease will occur? 

No, only on the past, depending on the time of year you're talking about - if 
there have been a lot of things like this at the beginning of the season then I 
would just use my common sense in effect and say there's a high potential. If 

it falls again before a previous one, the incubation depends entirely on the 
weather reports at the place you got your fire blight. I can show you one diagram 
where I got that situation. Mostly I am taking East Malling weather data and 1look- 
ing at fire blight somewhere in Kent and rainfall can be so variable that 

if you score one weather station you can only predict rather broadly what's going 
on. 


In California, sometimes we see infection that apparently is unrelated to rain. 
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It may be your heavy dews - We don't get such heavy dews. It's wetness that 
matters, and persistent wetness - heavy dews. Do you have foggy periods during 
flowering periods? 
Not too much, that may happen in some years but most years we can't even relate 
aceon that. 
How about root pressure. Have you measured things like that? Root pressure or 
water movement from leaf surfaces. 
No. 
You see, early in the season I think the water relationships are much less 
important - I needn't use my equation; all I need to think about is temperature. 
But I think we need the rain to start it off, a heavy dew will initiate things, 
and if you don't get too hot and dry in between. 
Our program of monitoring is designed to reduce the number of pesticide appli- 
cations. There is no way we can predict infection. Infection is a very 
complicated matter and it depends on the susceptibility of the flowers, various 
environmental conditions, and factors influencing the previous years. 
If you have a dry autumn, I think there may be less chance, you haven't got 
these indeterminant cankers factors perhaps, but it's not as simple as that, 
I can't simply say that; we had a wet autumn, therefore we're going to have 
trouble next year. I can say we have had a wet autumn, therefore there is a 
very good chance for infections next year. 
I think it is important to remember that geographical localities play an 
important role in how the disease operates. Our trees are not very susceptable. 
We can bring in flowers, inoculate them and have a cloudy drop of bacteria 
in the receptacle without infection occurring. Thus it is really the unusual 
flower that becomes infected in California. 
What population do they reach? 
You can have populations of 107 - 10° without infection - at other times you 


can inoculate rat tail flowers and have a high incidence of infection. 
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Well, I am only making claims about primary blossom infection in apple and pear 
and general fire blight activity in all hosts through the season. Usually we're 
dealing with something like Hawthorne blossom at the end of May, Pear usually 
blossoms all through the summer and Cetoneaster. I think my equation works best 
from mid May on. 

In 1966 I happened to be in Kent in a pear orchard where they had rows of Laxton 
superbs and Bartletts side by side. And Laxton Superbs were showing tremendous 
amounts of fire blight in its rat tail bloom, whereas Bartlett (you call it 
Williams) was completely free of fire blight. 

No rat tail blossoms or no rat tail infection? 

No rat tail blossoms. 

Well, you are talking about two degrees of susceptibility,;  —~ 

This is characteristic and so I would always - surely you must ___ with 

you people you get much more severe storms early in the season. 

The same two varieties in the same conditions, one is much more susceptible 

than the other plus one had frat tail blooms. 

I think that what we're seeing is eenerana that is seen in California as well. 
If their susceptibility is extended because they have vulnerable tissue for 

a longer period of time. 

And we all know that whatever system we devise we've always got to take jnto 
account all the other things: what syndrome, did you have a storm, or just a 
shower of rain, and things like that. 

I'd like to ask Milt Schroth howhe could explain the observation of 10’, ie 10° 
E. anylovora per blossom, in a cloudy suspension without any infection. 

I cannot! People have been working on the physiology of parasitism for a long time 
and in general can not explain why plants become susceptible or resistant. 
Susceptibility is somewhat inherent in the plant, yet also depends on 
environmental conditions. 


It's a very complicated situation. 
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It's extremely complicated. We also cannot explain why infections run sometimes, 
and other times they don't. We've worked on glucosides as has Joe Kuch but we 
cannot attribute susceptibility simply to this presence or akene. 

The term I couldn't think of before, Bill, was the hydathodes. Do you see any 
guttation from leaves... I just wonder if root pressure and guttation wouldn't 

be the key achieved for California conditions. 

Yes. 

Many times you can find large guttation drops in flowers’in the morning which 
later disappear. This would seem to provide a good opportunity for fire 

blight bacteria to invade the flowers, particularly if the droplet moves back into 
the flower. However, it still depends on whether or not the flower is susceptible. 
What do you mean by susceptible? 

Susceptible to infection. Even during one of our heavy epidemic periods in 1971, 
where every single flower was infested, we seldom have much more than a 100 
flowers infectious per tree, which is in contrast to your experience. Why those 
100 flowers per tree are more susceptible than the other ones can't be readily 
explained. 

Could it be that they had a lower dose of bacteria? 

An examination of the flowers reveal a similar amount of infestation. 

Where are the bacteria located besides on the surface of the flower? 

I can't tell you, we didn't look in those times. I would assume they were on the 
stigmatic surface. 

Were the bacteria applied? 

No 

Under natural condit-ons where are the bacteria located, in infested blossoms 
versus infected blossoms. 

In infested blossoms, the bacteria are only found on the stigmatic surface. In 
infected blossoms the bacteria are on all flower parts. 

Is it possible there's injury involved in those 100 blossoms over the whole tree 


that was infected? 
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I really doubt it. It's like Pseudomonas syringae. It is present all over our 
trees and causes epidemics just during certain years. 

How do you explain Steve Beer getting such a high proportion of his flowers 
infected with inoculum of 107 per flower? It seems like nearly all of the 
flowers that were inoculated developed infection. 

It's an entirely different situation. In California they were found on the 
Stigmatic surface by Steve Beer is inoculating the nectaries. 

If the inoculum is applied in the receptacle with an eppendort pipette you do 
not obtain much infection. If the inoculum is sprayed, you get more infection. 
More parts of the flower apparently are inoculated and bacteria invade the 
hydathodes and nectaries - etc. 

We obtain only 10-20% infection if we apply bacteria in the receptacle. 
Spraying the inoculum increases infection? 

That's right. 

So therefore, if we just project a little bit, if you get the bacteria into an 
area where they are in fact protected and prevented from drying, let's assume 
into the nectary per se, where they can begin to multiply. 

The droplet is applied directly to the nectaries however when you spray, more 
portions of the flower are covered. 

Not necessarily. The nectary is much like a stomatal opening you have to get it 
into the substomatal chamber or the nectarial chamber per se and it takes pressure 
to do that. 

If you place a droplet on a flower it will be drawn back in within just a few 


minutes. 







a 
yeoer 

















ara 


PEAY ' 
ian @ aide! 
Zan ropes ert e'si a dot 


——— - 
_ 


| | iran pofub feuk eotmehiqn eseusg 
| . u2 patiter vest svet? afalqxe ae 


st? ver ‘DO? Yo miTysont Aste 





; favyabh bats voont Stow Jair 


nae lewtte 
iia ¥ Oia 


vd sor WE Ole 

logs 2f mul voGr 

| | wifuoont od 71 .notzostnh dou 

al ~ 6 ~soce Yawolt arty 6 2h 
. 7 


| 939 ~ zoivetosn bag eam 


- 
: am ke b ve & e wi ” 
i é i- VW re RHOPIDSOTA! aevarvi uf ye 
\ _ 7 


muluoont ont 


ie tpt 


: . 
I : a < 
; a tr, bhuid Gia @a:i* 234 
i P ¥' ’ ; ,2 IC Pre A BLA the . Ce}, Url i? 
i 
- 
j ~ 


gq fos? nf oes Yond OF 
_ 
; oo? niosd ng> ysny svenw .s2 79q y162 on 

a re * 
Fion ,Ve G2 jw Yovewod estrstoen ant of Yldoaytbh dsiiqas et dome 

. 7 

-betsvo> 18 yawolt shy Te 
at ae 
s+ ap ot ove voy ontasao faramote 6 siti doum 2! yistoar aft ui 768 
am : y 7 i 
sq 25uee Jt base se 19q Vedmerlo [ebrstogn ef vO todmeria [63 amotecu: 


i * 







4 taut aratiw ar Josd nwath od thw 2?) vawa tt 
| olen 
7. i 
- 


7 









- ced 
~~ 











Ba 


Bir 


Ke: 


Ro 
Then you haven't got the same water relationships do you? 
We get similar results in the greenhouse, in the lab, and in the field. 
Isn't there a greater likelihood that when you're spraying your inoculum 
that you may be getting a lot of microinjuries on the cells? 
I doubt it. We use an aerosol mist which is not a coarse spray. 
We can also spray E. amylovova on trees and not obtain infection. I've also 
done it and had an epidemic. 
This is nature. This is a synchronization of many many factors, we may talk about 
the environment, we may talk about the plant, we may talk about the flower and there 
are many many things we may talk about. But the reason they get 100 blossoms 
and only 100 blossoms in there most severe year, is that there is a proper 
synchronization of the factors that allow infection to take place. It only took 
place in those 100 flowers out of many thousands. That's the way I would see it, 
now if we're ever able to put all these factors together and synchronize them - it's 


really inconceivable that we can do that. 


Discussion of G. Bonn's Presentation: 

Question? 

No. 1 here would correspond to the end of the first week in June. 

Then what are your average temperatures during bloom? 

A maximum might be 65, a minimum 45, but very very erratic, our bloom period 
lasts approximately 6-10 days. 

Eve Billing, ‘isn't that something like the temperatures you get in apples in 
Kent, these kind of temperatures. So you don't normally have blossom blight 

in Kent? 

We don't normally have blossom blight in Kent even when temperatures are high 
enough we don't always have it. But according to my system there aren't enough 
potential doublings accumulated. Incidently I didn't say my potential doublings 


is not unlike the degree - Day system. 
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What if you have a storm during bloom? 

Yes, that might start something, but unless you've got something happening before 
you've got to have your inoculum and this is the sort of thing that I'd very 
much like to discuss with people as to what's going on in early spring. This is 
still a difficult area. 

Gordon Bonn, you indicated that you started to pick up epiphytic populations in 
May. How late into the summer do you detect them? 

Until about the middle of August. 

As you're counting your strikes are you distinguishing between those twigs which 
are extending from vegetative buds and those which are rising from the blossom? 
If you have a fruit bud, it will send up two twigs. Are you distinguishing in 
your strikes between the shoots that are coming from vegetative buds and those 
which have arisen from blossom buds, or from mixed buds, in which the blossom has 
fallen off? 

No, I'm not. 

What I'm really getting at here is that you may have had an influx of bacteria 
during blossom time which had no visible effect upon the blossom and then 

later on is affecting one of the two shoots that has arisen from this bud. 

Why would we see the symtoms developing from the tip backwards in that case? 

Is this actually what you're seeing? 

From the tips backwards...The flugging, darkening and finally some oozing. 
That's normal sequence, I mean if you inoculate a shoot on a median leaf and 
incubate for 72 or 84 hours, the first symptoms that you see are at the apex or 
the pedicel of the leaf that you inoculated. You see, no symptoms or no damage 
along the entire length of the shoot and its the apex that shows symptoms, so | 
think that the point raised by Jim is a relevant one. It's quite possible you 


have a latent infection that isn't expressed because of the low temperatures. 
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I was looking for this with Gordon Bonn because I've mgt this. and I know 
from greenhouse experiments where I have infections first Aes in the 

tip and just from what I saw it looked like mostly straight tip infection. I 
think this has to be taken into account that your infected blossoms may rub 

off. The first sign of infection is in the tip, later on. 

Did you mention the fact that you couldn't find blight in the orchard at blossom 
time. You didn't find bacteria on the flowers by washing them. 

No we didn't find it that period at that time. 

Well this eliminates the flower phase of it then, you couldn't find it during 
CET Cen LIS ne ee 

During the meningitis me or for the next two weeks following petal fall? 

That is a pollinated fruit, not a pollinated ruit, in the subsequent fruit. 

We see some infection, but that would be on the rat tail, rat tail blossom and 
we don't really have too much of that in our area. 

I have two questions: What medium are you using and do you see insect activity 
such as leaf hoppers or pear psylla at the time of shoot tip infections? 

Cross + Goodman's. We do have psylla. This year we had a bad case of psylla, 
and very little fire blight. I think the insects may be involved but they don't 
play as large a part as rainfall or some of the very damaging storms that come 
through our area. 

I assume you are removing strikes so that you don't have to count them again. 
But when you do remove a noted strike do you feel that you're affecting your 
inoculum source and might see less strikes later on. 

This is why we picked an area within the middle of an orchard that has a history 
of fire blight and in most years, the level of fire blight would be high enough 
to provide a good source of inoculum for the small plots that we have within. 

Do you keep track of wind movements, in addition to rain at the time. 


We have all the data but we haven't gone over it yet. 
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I must join the ranks of the puzzled. I don't mind being puzzled because 

when I visit my M.D. I also realize that he's puzzled. But, I don't understand 
why it is, however, that the things that Dr. Thomson that apparently 
he couldn't detect the bacteria on the unopened parts, the infection of the 
bacteria and the multiplication occurred in the flower in the stigma, but 
apparently this was a non-specific site and other bacteria could also multiply 
there. I assume that the reason the Erwinia is found there and multiplies is 
because it's sticky. It is an environment which they can divide in. It 

puzzles me why, in your case, you don't find bacteria on the blossoms. I assume 
the source of the bacteria are cankers that are already there, on the tree. 

Why would there be such a difference if it's non-specific, sticking to this 
stigma, multiplying, why would there be such a difference in finding and not 
finding the organism. 

This is why we suspect that cankers are active but the rainfall, Bae we don't 
have high enough temperatures that build up the potential doublings to such a 
point that infection is going to show up in a short span of time. Bacteria may 
be present there. We have not been able to detect them, but if they go ahead 
and infect it may take three to four weeks for symptoms to develop, whereas 

in the middle of summer, it may take only two or three days, because we do 

have a lot of fluctuating temperatures during pre-bloom and postbloom period and 
bloom period in ontario. Temperature influences the rate of multiplication on 
the bacteria after infection has taken place. And also, the development of 
inoculum in the old cankers. 

When we have temperatures similar to that in California, we don't find bacteria 
in the flowers either. In fact, early in the season we did not find bacteria in 
the flowers because the temperatures were too cool. It takes temperatures exceed- 
ing a maximum of 65 F. We start finding bacteria in flowers when the maximums 


exceed 80 F. 
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It also says something about the plating efficiency of the media that we use. 

It may be that we're really not able to recover the one or two cells that are 
present and because of the decay factor that Steve's data shows ... and others 

have noted. 

The decay factor is different at different temperatures. At 4 degrees C., the 
temperature that we use to collect blossom samples, canker swabbings and so on, 
Erwinia amylovora is most stable in phosphate buffer versus distilled water, versus 
dilute media, very dilute media, versus saline. But at 21 C. it's not stable. 

The graphs that I drew before were at 21] C., which was the incubation temperature 
of the blossoms. We thought that was comparable. I might mention that in our 
monitoring, we have been able to detect Erwinia amylovora on the surface of unopened 
blossoms. This was detected only on blossoms that were in the immediate 

vicinity of cankers, cankers that either prior to, or simultaneously also yielded 
Erwinia amylovora. 

Are you suggesting internal migration from the canker? 

No, however that could happen, but I assume a more simple mode of transfer by 

rain from the canker surface to the flower. 

You said the surface of unopened blossoms. Do you mean the outside of the blossom, 
not the stigmatic surfaces inside? 


No, this is taking blossom buds and washing them. 
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Isolation and Partial Characterization of Erwinia amylovora 


Bacteriophages from Aerial Tissues of Apple Trees , 
Deer ich ilesande rc. J. KI0S 
Department of Botany and Plant Pathology 


Michigan State University 


Bacteria like many other organisms are subject to infection by 
viruses. Viruses of bacteria, termed bacteriophages, phages, or 
simply viruses, were first reported in 1915 by Twort (12). Subse- 
quent research has shown that most if not all bacteria including 
plant pathogenic bacteria have viruses which can infect them (4,7, 
13). Being obligate parasites phages can usually be detected 
wherever their host is found. Some phage-bacteria interactions 
have been studied in great detail, e.g. Escherichia coli and 
its phages. Among the phytopathogenic bacteria, phages of 
Xanthomonads and Pseudomonads have been primarily studied 
though phages for all genera are known (5,7,13). In the case of 
Erwinia amylovora, the causal organism of fire blight, much work 
has been done with the pathogen and the disease (11). Some effort 
has been made to study the interaction of E. amylovora with other 
microorganisms but in very few cases have the phages of E. 
amylovora been studied (3,6). In 1973, Erskine reported the 
results of his study dealing with the interaction of E. amylovora 


and its phage (6). However, not until 1976 had E. amylovora 
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phages been reported to occur on aerial tissues (9). This 
report describes the isolation and partial characterization of 
E. amylovora phages from aerial tissues of apple trees during 
1975 and 1976. 

In June of 1975, phages of E. amylovora were isolated with- 
out enrichment from symptomless and diseased tissues of apple 
trees at Michigan State University (MSU). Phage was also detected 
on similar tissues in two commercial orchards in southwestern 
Michigan. The methods used for collecting and washing the tissue 
were the same as used for monitoring E. amylovora populations (11), 
utilizing a differential medium for detecting E. amylovora (10). 
The methods used in detecting and handling the phage were 
essentially as outlined by Adams (1). £. amylovora strain 
#110 was used as host unless stated otherwise. 

Table 1 summarizes the types of tissues sampled and the 
approximate populations of E. amylovora and phages obtained from 
these tissues. The data show that phage could be isolated from 
most aerial tissues as long as E. amylovora was present. 

The time of the year during which phage could be detected 
on foliar tissues is shown in Figure 1A. Figure 1B shows the 
populations of E. amylovora and its phages during the months of 
phage detection. The 1975 results were obtained from monitoring 
the orchard at MSU while 1976 results were obtained from monitoring 


10 growers! orchards in southwestern Michigan. 
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During both years phage were detected in mid-June, three to 
four weeks after the initial outbreaks of fire blight. High 
populations of E. amylovora were present prior to the detection 
of phage with the highest populations of E. amylovora detected 
during the first half of June. This coincided with the period 
during which the most rapid spread and greatest number of new 
strikes occurred. As this period reached its maximum and leveled 
off phages were detected with the phage population reaching its 
maximum from mid-June to mid-July. This corresponds with a period 
of static fire blight activity; e.g. very few new strikes occurring. 
It should also be noted that this is the period of terminal growth 
cessation. The E. amylovora and phage populations declined from 
a peak in early July to a level of no detection in late August to 
early September. From September 1975 to April 1976 more than 200 
cankers were sampled from throughout the state while 10 apple and 
10 pear cankers at MSU were periodically sampled during the same 
time period. At no time were phages detected even in the cases 
where enrichment was used while in 40% of the cankers E. amylovora 
was detected. Failure to detect phage does not necessarily mean 
that they may not be present (7). It appears that phage are 
not detected until an “explosive" growth of E. amylovora has 
occurred, if this is the case it may be indicative of the phage 
possibly existing aS a prophage. Also, it may be necessary for 


the host bacteria to be in a rapidly growing state for infection 
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and replication to occur. This condition would not be likely to 
occur in Michigan from September through April. 

Some factors, other than the presence of a host, which may 
affect the ability of phage to survive on foliar surfaces are 
desiccation and ultraviolet light (UV). These two factors were 
tested in the laboratory using Jonathan apple leaf discs 1.3 cm. 
in diameter. On each disc was placed 10° plaque forming units 
(PFU) of phage isolate PEal(h) suspended in 0.02 M potassium 
phosphate buffer. One set was placed on a screen over water in a 
closed, clear plastic box such that the relative humidity remained 
near 100%. A second set was placed on paper towels in a pan with 
relative humidity ranging from 15-25%. The data (Fig. 2A) indicate 
that the phage is very sensitive to drying since a 100,000 fold 
decrease occurred within 24 hours, while at the high humidity the 
phage concentration remained stable for the first three weeks then 
dropped sharply. The sharp decline coincided with the occurrence 
of leaf tissue degradation and decay. Phage inactivation may be 
due to enzymatic activity. 

To study the effect of UV light, the same procedure was 


9 PFU were placed on each leaf disc then 


used. Approximately 10 
the discs were exposed to varying periods of UV; 254 nm wavelength 
at a distance of 8.0 cm. There was a 1000 fold decrease in phage 


after 60 seconds of exposure (Fig. 2B). 
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The extreme sensitivity to desiccation may explain the decline 
of phage during July and August. It is during this time that the 
blighted terminals and leaves become very dry. 

A list of 16 phage isolates and some of their characteristics 
is shown in Table 2. Over the last two years four major plaque 
types produced by the phages have been observed. The most frequent 
isolated type produced a plaque 4-5 mm in diameter with an extending 
halo (Fig. 4). The second type which was isolated in association 
with PEal(h) and PEa2 produced a clear plaque 1-3 mm in diameter with- 
out a halo but having an irregular margin (Fig. 4). It has not 
been possible to completely separate the halo type from the non-halo 
type but very easy to separate the non-halo type from the halo type. 
There are also intermediates of halo production. The reason for the 
halo could be due to lysogeny but is probably due to a polysaccharide 
depolymerase (2). It is also interesting to note that PEal(h), 
PEal(nh), and PEal2 are temperature sensitive and will not grow at 
30 C but grow well at 27 C. This is not due to their failure to in- 
fect since they can tolerant temperatures of 90 C and still infect E. 
amylovora (Table 2). 

The third plaque type, examplified by PEa7 and PEal5, 
is a small, 1-2 mm plaque with an irregular margin and an extend- 
ing halo. The phage producing this plaque type are different 
from the PEal(h) types because they are able to grow on E. 


amylovora "mutants" resistant to PEal(h). 
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The fourth and most interesting phage type is produced by 
isolates PEa9, 10, and 11. One interesting characteristic 
is their extreme sensitivity to chloroform and ethyl ether. The 
reason for this is not presently known. The major problem in 
working with this phage type is that we have not been able 
to devise a purification system to separate the phage from host 
bacteria. 

The one-step growth curve for isolates PEal(h), PEa2, and 
PEaS is shown in Figure 3. The phage have a latent period of 
approximately 35 minutes, a rise period of 30 minutes and a burst 
size of 45-50 PFU/productive cell. 

The host range of the phages is shown in Table 3. Phage 
solutions of 10°-107 PFU/ml were spotted on top agar seeded with 
an 18 hour nutrient broth culture of the test bacterium and 
incubated at 27 C for 24 hours. Only E. amylovora strains were 
lysed even when tested over a temperature range from 10 C to 30 C. 
Clearer areas of lysis were formed when incubated at 10-20 C than 
when incubated at 24, 27, and 30 C. 

In a living, changing system no entity exists as an isolated 
individual. Microorganisms on foliar tissues of plants are not 
exempt from this interaction (8). Within these microbial ecosystems, 
composed of biological and non-biological components, there is 
interaction with each organism competing with other organisms for 


Survival. If these microbial ecosystems exist on a larger 
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biological organism (host) any change that affects the microbial 
ecology often ultimately affects the host many times resulting in 
what is termed a diseased condition for the host. This is the 
situation not only for animals but also for plants. £. amylovora 
exists in a complex ecosystem affected not only by physical 
factors such as weather but also by many biological factors. First, 
it is associated with a host that passes through many complex 
physiological changes each year. On this host it must also 
compete with many other microorganisms such as bacteria, fungi, 
and viruses. A better understanding not only of the biology of 
E. amylovora but also of the organisms with which it interacts 
could make it possible to better understand the disease which it 


causes, fire blight. 
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Table 1. Aerial tissues of apple trees associated with Erwinia amylovora 


and E. amylovora bacteriophages. Sampling was done during June and July of 


1975 and 1976. 





Tissue Sampled 


Diseased terminals and 
leaves of Jonathan 


Diseased Jonathan leaves 


Diseased Jonathan stems 
without leaves 


Symptomless Jonathan 

terminals and leaves 

Symptomless Jonathan 

leaves 

Newly formed Jonathan 


twig cankers 


Diseased McIntosh leaves 
and terminals 


Diseased Red Delicious 
terminals and leaves 


Diseased Golden Delicious 
terminals and leaves 


Diseased Jonathan apples 


Erwinia amy lovora 


2agot™ Saterminals 
ier 26 Sle) te giwys 


5 of 5 samples with 
5 leaves/sample 
~106 CFU/g 


5 of 5 samples 
5 stems/sample 
~ 10° CFU/g 


Svor 25° terminais 
5 X 104 CFU/g 


5 of 5 samples with 
50 leaves/sample 
~ 103 CFU/sample 


14 of 14 cankers 
10© - 107 CFU/g 


8 of 10 terminals 
~ 10° CFU/g 


9 of 10 terminals 
~ 102 CFU/g 


10 of 10 terminals 
~ 10° CFU/g 


6 of 6 apples 
4 x 108 cFU/g 


Colony Forming Units - CFU 
Plaque Forming Units — PFU 


Bacteriophage 


25 of 25 terminals 
4.0 X 104 PFU/g 


5 of 5 samples with 
5 leaves/sample 
5 OekLOde eeu Ae 


5 of 5 samples 
5 stems/sample 
3 X 102 PFU/g 


4 of 25 terminals 
2X 103 PFU/g 


0 of 5 samples with 
50 leaves/sample 
0 


12 of 14 cankers 
~102 PFU/g 


9 of 10 terminals 
~ 102 PFU/g 


10 of 10 terminals 
~ 10° PFU/g 


5aot e107) terminals 
~ 104 PFU/g 


4 of 6 apples 
7& 103 PFU/g 
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Fig.2.(A and B). A.) Ability of phage PEal(h) to survive on Jonathan apple 
leaf discs at 90-100% relative humidity (e——e) and at 10-254 relative humidity 
(a——4). B.) The ability of PEal(h) to infect E.amylovora following exposure 


to ultraviolet light at 254 nm at a distance of 8.0 cm. 
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Fig. 4-(A and B). A) Plaque morphology of phage PEal (halo) and 


PEal (non-halo), arrow, after 18 hours incubation at 27 C with Erwinia 
amylovora #110 on 2.5 ml of top-agar consisting of 0.7% nutrient agar, 
0.5% glucose, and 0.5% yeast extract. B) Plaque morphology of phage 

PEal after 48 hours under the same conditions as in A. Note the 
extending, translucent halo of PEal (halo) while the plaque morphology 
of PEal (non-halo) has remained the same as at 18 hours (arrow). The 


scale bar equals 1.0 cm. 
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. Table 2. Sixteen phage isolates and some of their characteristics. 








AZoToudaoM onbetd 





+ 


o[Tey 3utpuszxo 


Teutw19} 
atddeqeid poseostq 


Teutwi9y 
atTddeqeid poseoestg 


Teutwi9, azeed pasesstg 


Teutwi93 
ueyyeuor ssaTwoqydwds 


aeyued ueyjeuor 
powio0jz ATMaN 


J PNAS 
ueyjeuor paseastg 


TFS 





12410 


yatm onbetd wu ¢-4 


+ oOTeBY yNOYATM wu H-Z 
+ oOTPY FNOUIFM WU 7-7 
+ oTey JnNoYITM wu 4-7 
~ oTey YFFA wu ¢C-T 
- oTey YIM wu Z-T 

oTey 
- JnoyITM wu ¢-T 

@ATITSUSS 19410 
wiojyorOTY 





+ 





soAeoT YF STeutTwi9} 
ueyjeuor peqystT” 


yen aatels: 





s8utidg usti19g 
Meg Meg 


(3109) NSW 
(1209) NSW 
ssutidg uotiiog 
( 310H) NSW 

meg Meg 
JSTTAIIIeEM 
DoOUDIMeET 


NSW 


NSW 


Nsw 


Nsw 


NSW 


meg Meg 


Meg Meg 





uOTIeTOST JO uot eD0T 


TTedd 
OTPdd 
68d 


cTedd 
Lead 
9TPdd 
eT Tedd 
cledd 
gedd 


9Pud 


GPudd 


yedd 


€eud 


cPdd 


(qu) Tedd 


(4) Tedd 





dIeTOS]T s3eug 





ee 6 ‘SS '@ % 


=a ees (eee tle 


= seg eenEaeaanennS eGR 


44 


Continued 


Mable =2. 


9 0S = S¥ 
te 

9 $9 — cc 
969 - SS 
aot 

are 

$c 

orc 

D 001 06 
D OOT - 06 
D OOT - 06 
3 O01 - 06 
D OOT - 06 
Gres 

D OO - 06 





SuTJeeYyY JO SaqynuTW QT BUTMOTTOJ 
peq0e7ep 219M SAOATAIANS 
ou YOTUM 2e sanjerodusy, 


(u) Tedd 03 Jue 
PAOAOTAUE °F 





JSTSO1 SdJeTOST 
eskT 02 AITTTGY 


*p°u —poutTwisqjep jou (T 





19389013 10 90E 2k 
aqzeoTTder 02 AITTTQV 


TTedd 
OTePdd 
6edd 
STedd 
Ledd 
9Tedd 
€Tedd 
éledd 
Bed 
9Pud 
Gead 
yeud 
€Pdd 
cPedd 
(qu) Tedd 


(4) Tedd 





aIeTOS]T ose, 


te nestle a naw 


—— = 7 7 ar er 7 
- =~ wee 7 ~ — eo > 
= 


5 o6t - 08 a 


-D«n 





45 


*7-dqg Tunid seuowoyjuexX 





PTUOTAOyOSy SCOT YS ePIOAOIOILD 


-Tojy oe qouAdo,) ‘Q/9N pue OTHENH SUSTIeFouN] WNT Ieqoisy 


Azey 
Azey 
Azey 
Azeu 
Azey 
Azey 
Azeu 


+ + + + + + + + 
+ + + + + + + 4 
+ + + + + + + + 


Azey 


Azey 


+ 
o 
+ 


Azey + + 


4+ 


Azey + + 


+ 


Azey Azey Azey 


Azey Azey Azey 


Pa PP va) 
N oN N 
Go G 
a x 


Azey Azey Azey 


€TPdd 


ctedd 





GTedd 


Table 3. Host range of Erwinia amylovora bacteriophages. 
Sat 
a 
fz] 
a 














“ds et}ei19s ‘sesuraks ‘gq ‘suewdzyoeT,T “gq ‘SuUesoiOnTy “gq ‘BSouUTsnise Seuowopnaesg ‘TTOO 


“7 8) us Bot desoiqe BTUTMIY “Souaso0i0e AJeq.eqgor9UYy S‘sueToOejwNooeTI ain *‘suetTosejy wnt 

:posAT Jou 919M JNq p3sqjsso} OSTe 919M STI9II0eq BUTMOT TOF ouL 
= ‘s oy a =< Ps La = = meg Meg OT} 
- - ~ - ~ - = - - paojyqzey 8 ff 


-s3utidsg uotii90g 


Ltt 
(20H) NSW T-HA 


ePTOOTGIoy ePTUTIMIY 























+ Azey + + ++ + + + + meq Med VET 
++ Azey + + + + + + + meg Med ZT 
+ Azey + + + + + + + Le) a New bod 
+ Azey + + 4+ + a + + "189. °N OCT 
+ - + + + + + + + Coie Ga 
+ Azey + + + + + + a TED Sut 
+ Azey + + + + + + + meg Meg CTT 
+ Azey a + + + + + 4+ sptdey’) €T1T 
AqTO 
+ Azey + + + + + + + eSsTPAPIL TTT 
+ Azey + + + + + + + NSW OTT 
+ Azey + + + + + + + TTI SOT 
Azey Azey Azey Azey Azey Azey Azey Azey Azey DIOTII Cee? Ot 
Ssi0u10) 
Azey Azey Azey Azey Azey Azey Azey Azey Azey syutds o9TT 
Azey Azey Azey Azey Azey Azey Azey Azey Azey “Teo mevOr 
eioaoT Aue eTUTAIg 
gedd edd Oead Sedd edd €edd edd (4U)Tedd (U)TeHd PIeTOST TeTIeI0eg 


A 


aVeTOs]T sB8eydotz9jI9eg 





FIRE BLIGHT CANKERS,- CHARACTERISTICS OF INOCULUM PRODUCERS , 
DETECTION AND PREVENTION OF ACTIVITY 


Steven V. Beer 
Department of Plant Pathology 
Cornell University 
Ithaca, NY 14853 


In areas where fire blight is endemic, the pathogen overwinters 
primarily at the margins of cankers formed the previous year. Bacteria 
which are dormant during the winter commence multiplication at the margins 
during the spring or early summer. If multiplication is sufficient, 
great numbers of bacteria are exuded through the bark and accumulate on 
the surface in ooze. The bacteria in ooze may be disseminated to new 
infection courts by rain, insects or other vectors. Because of their 
importance in inoculum production, we have attempted to learn more 
about cankers that successfully overwinter the pathogen and the dynamics 
of inoculum production. 


The purpose of these studies was to determine the characteristics 
of those cankers that do successfully overwinter the pathogen and release 
inoculum, the factors influencing inoculum release and possible ways of 
inhibiting inoculum release. 


A technique was developed to monitor pathogen release from cankers 
under orchard and greenhouse conditions. Canker margin surfaces and 
adjacent healthy tissues were swabbed with sterile cotton-tipped hospital 
applicators, previously dipped in sterile 0.05 M potassium phosphate buffer, 
pH 6.5. The swabs were washed in buffer and the washings were plated 
on the Erwinia selective media developed by Crosse and Goodman [Phytopathology 
63:1425 (1973) ], and Miller and Schroth [Phytopathology 62:1175 (1972)]. 
Bacteria which grew on the media that were similar in colony morphology to 
authentic E. amylovora were reisolated and tested for pathogenicity on 
immature apple or pear fruit [Phytopathology 66:317 (1976)]. 


Studies of cankers in commercial orchards have indicated that those 
with smooth (indeterminate margins) located on larger branches have a much 
higher probability of releasing the pathogen than those with rough 
(determinate) margins. We have found that E. amylovora can be recovered 
from canker margin surfaces that do not have macroscopically visible 
evidence of ooze, perhaps explaining the frustration of several earlier 
workers when they failed to discover oozing cankers in orchards newly 
affected by fire blight. . amylovora was recovered from canker margin 
surfaces during several discrete time intervals suggesting that 
environmental factors influence pathogen activity in cankers. 


In a test designed to determine if moisture, external to the canker 
surface, affected the probability of cankers producing Erwinia amylovora, 
matched pairs of cankers were identified based on margin character, 

Size of branch bearing the margin, location in the trees, and age of 
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tissue infected. One member of each pair was covered by a feminine 
sanitary napking, previously saturated with sterile water. Erwinia 
amylovora was recovered from a significantly higher proportion of the 
cankers that had been covered with the moist pads then those that had not 
been covered. Thus, it appears that external moisture affects the 
probability of recovering Erwinia amylovora from canker surfaces. In 
contrast, in another experiment, cankers were covered with plastic 
"umbrellas", constructed of wire mesh and polyethylene sheeting. The 
pathogen was recovered from a somewhat smaller number of the covered 
cankers than those without umbrellas. 


To determine if the time of infection influences the type of 
canker formed, and subsequent production of Erwinia amylovora, 2-year-old 
Idared trees were inoculated with E. amylovora in July and in September 
in the nursery row. After leaf fall (in November) all trees were dug and 
graded for margin characteristics. Eighty-nine percent of the trees that 
had been inoculated in July had formed determinate margins. In contrast, 
72% of the trees inoculated in September had formed indeterminate margins. 
The times of inoculation used may be related to natural infection; 
infections initiated early generally result from blossom infection, 
whereas vegetative infection that develops following hail storms is 
comparable to late inoculation. 


Trees with cankers were subsequently potted in a mixture of peat and 
vermiculite and incubated in controlled environment chambers at 17, 21 or 
28 C. Cankered trees with indeterminate margins produced E. amylovora 
(as determined by weekly swabbing) in significantly greater proportion than 
cankered trees with determinate margins. Trees incubated at 21 C produced 
the pathogen in higher proportions than those incubated at either higher or 
lower temperatures. Although statistical analysis of the data, indicated 
that incubation temperature had a significant effect, the numbers of trees 
involved were small [Proc. Am. Phytopathol. Soc. 3: in press (1976) ]. 


Bordeaux mixture (8-8-100) plus 1 or 2% superior 60'oil applied at the 
green-tip to 1/4" (6 mm) green growth stage has been recommended for fire 
blight control in New York and in several midwestern states for several 
years. The mode of action of this combination in reducing fire blight 
infection is not known. Cankers on Bartlett pear trees were selected 
for similarity in margin characteristics, branch size, and location. Half 
of the selected cankers were treated by air-blast sprayers with Bordeaux 
mixture (8-8-100) plus-1% oil. The other half were not treated. Each 
canker margin surface was swabbed twice weekly starting at 1/4"-green for 
11 weeks. Until petal fall, Erwinia amylovora was recovered from 11 of the 
20 unsprayed cankers. During the same period, none of the Bordeaux 
mixture + oil-treated cankers yielded the pathogen. The effect of the 
pesticide appeared to wear off with time as in the 6 week interval after 
petal fall, eight of the treated cankers yielded the pathogen, and an 
additional five untreated cankers yielded the pathogen. These results 
suggest that Bordeaux mixture+oil applied early during the growing season 
reduces fire blight infection later, by inhibiting inoculum production 
by overwintering cankers. 
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The removal of fire blight cankers from orchard trees has been a 
recommended control measure for many years. Complete canker removal is 
accomplished rarely because it is often difficult to distinguish cankers 
from healthy tissues. As part of a research program designed to determine 
the feasibility of remotely detecting fire blight, the infrared light 
reflectance from fire blight cankers was determined with a spectroradiometer. 
In contrast with comparable healthy bark, cankered bark reflected very 
little infrared light. Based on these physical differences, infrared 
sensing techniques were developed to permit more ready distinction of cankers 
than can be accomplished with the human eye. Between 700 and 900 nanometers 
little infrared light is reflected from cankered tissues. Thus, pictures 
made with infrared-sensitive false-color film, show cankered tissue as 
grey-blue, whereas comparable healthy bark appears magenta. This difference 
in infrared reflectance of cankered tissue may also be sensed with electronic 
infrared viewers, such as the Find-R-Scope, manufactured by F. J. W. 
Industries, Mount Prospect, Illinois. For proper operation, both the 
electronic sensor and photographic sensors must be used with filters to 
remove light of less than 700 nanometers [Proc. Am. Phytopathol. Soc. 2: 

34 (1975) ]. 


Continued study of the epidemiology and control of E. amylovora 
production by fire blight cankers may lead eventually to predictive systems 
based on analysis of physical rather than biological characteristics. 
Additional effort is needed to find effective materials to prevent cankers 
from producing E. amylovora thus eliminating inoculum production by over- 
wintering cankers. 
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The bacteria known as Erwinia herbicola are ubiquitous in nature. While 
found predominantly as epiphytes (on plants), these bacteria are also detected 
in such diverse habitats as soil, hospitals, humans, and other animals. Under 
certain conditions, these organisms are involved in fatal infections in 
compromised human patients; they are certainly a nuisance in nosocomial 
infections. In relation to plant diseases, these (seemingly nonpathogenic) 
bacteria appear to confer a protective effect against infection by bacterial 
pathogens. Notable in this context is the protective effect of Erwinia 
herbicola on apples against infection by Erwinia amylovora (Goodman, 1965, 
1967; Riggle and Klos, 1972; McIntyre, Kuc, and Williams; 1973; Wrather, Kuc, 
and Williams, 1973). Other biochemical properties of these bacteria which 
are of interest to plant and medical bacteriologists are now being unravelled. 
It has been reported that some strains of E. herbicola can fix atmospheric 
nitrogen (Neilson and Sparell, 1976; Potrikus and Breznak, 1976). We have 
observed that some of these bacteria can metabolize a variety of organic 
compounds not metabolized by other Erwinias or other enterobacteria. This 
metabolic diversity perhaps reflects a nutritional adaptation for survival 

and multiplication in special habitats in nature. In order to fully under- 

Stand, and perhaps to fully exploit, the traits of these bacteria, a full 

spectrum of genetic and biochemical studies is needed. In our laboratory 

in Davis, we are at present studying the following aspects of those subjects: 

a. Plasmid inheritance, which might explain the ability of these bacteria 
to cause infections in humans. 

b. Transfer of genetic material, including the genes controlling pigmen- 
tation, from Erwinia herbicola to Erwinia amylovora and other entero- 
bacteria, and the effect of such transfer on virulence of the latter 
organisms. 

Cc. Lysogeny and bacteriocinogeny. Genetic and molecular studies are being 
performed to determine whether any of these traits are plasmid-borne in 
these bacteria and whether or not they are transmissible. Lysogenic 
phages are being tested for transducing ability. In addition, we have 
now constructed P1 clrl00Cm-lysogens of E. herbicola strains, and we 
are testing the induced phage for generalized transduction. We are 
also attempting to develop a Pl-sensitive line from the Pl ciri00Cm- 
lysogen. 
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Metabolic diversity. A systematic and comprehensive study is in progress 
[Table 1]. We are in the process of testing the ability of these 
bacteria to fix atmospheric nitrogen. Our studies on the utilization 
of L-histidine as the source of carbon and/or nitrogen has revealed 

that these bacteria resemble Klebsiella aerogenes jn this respect. A 
detailed study to determine the regulation of the hut operon in E. 
herbicola is in progress. The degradation of arbutin and phloridzin 

by these bacteria, and the possible role of the degradation products 

in altering the course of the fire-blight disease has been documented 
(Chatterjee and Gibbins, 1969; Chatterjee et al., 1969). Since these 
bacteria also confer a protective effect on other host-pathogen systems 
(Hsieh and Buddenhagen, 1974), it might be possible that the degradation 
of other compounds by these metabolically versatile bacteria might be 
involved in other such specific host-pathogen systems. 

We have found that, in a mixed culture, strain EH105 (Y74) of Erwinia 
herbicola causes a loss in viability of the cells of Shigella dysen- 
teriae strain 2880-S, [Table 2]. This loss in viability of S. 
dysenteriae cells does not result from a decrease in pH of the growth 
medium, nor from bacteriocins or bacteriophages that the E. herbicola 
strain might produce. The mechanism of this unusual inhibitory effect, 
and its possible relevance to E. amylovora systems, are presently 

being explored by us. 

Genetic and molecular properties of the Erwinia plasmid, E-lac’. This 
transmissible plasmid, detected by us (Chatterjee and Starr, 1973) in 
human clinical strains of E. herbicola (see below), has a wide host 
range, and is remarkably stable in a variety of phytopathogenic entero- 
bacteria. These properties of this plasmid make it suitable for the 
development of conjugal gene transfer systems in other groups of Erwinia 
spp., notably the members of the "carotovora" group, in which we have 
now developed a conjugal gene transfer system (Chatterjee and Starr, in 
Preparation). This system is not yet as efficient as the gene transfer 
by our Hfr strains of Erwinia amylovora, but we expect that the use of 
the derepressed mutants of the sex factor E would enable us to develop a 
more efficient conjugal gene transfer system in this group, as well as 
in other groups of plant bacteria. 
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For the purposes of this Workshop, we will confine our discussion to (a) 
plasmid inheritance in E. herbicola, and (b) the properties of the Erwinia 
sex plasmid, E-lac’. The results will demonstrate that genetic exchange 
between E. herbicola and E. amylovora does indeed occur under laboratory conditions 
and, hence, possibly occurs in nature as well. 

The transfer from other enterobacteria to strains of E. herbicola of 
Plasmids such as F'lac’, R100 drd-56, and SR] occurs readily [Table 3]. 

The frequency of such transfer is low in relation to the transfer of these 
plasmids to E. coli Kl2 strain. However, all these plasmids, except for 
SRI, are remarkably stable in these hosts. The sex factor activity in 

E. herbicola strains harboring the transmissible plasmids, as in E. coli, 
is derepressed--as judged by sensitivity to the male-specific phage in the 
case of the F' factor or R100 drd-56, and by the frequency of the transfer 
of these plasmids to Erwinia spp. and to other enterobacteria [Table 4]. 

It is noteworthy that the plasmid-bearing strains of E. herbicola exhibit a 
higher level (about 5-fold) of tetracycline (Tet) resistance compared to the 
donor E. coli and Shigella flexneri cultures. It is possible that the 
replication of the plasmid in E. herbicola hosts is relaxed--as opposed to 
a stringent control of replication of the plasmid in E. coli. The relaxed 
replication would produce multiple copies of the plasmid, and the higher 
level of resistance perhaps results from a gene dosage effect. 

Recently, we have found that the plasmid RP1l is readily transferred from 
E. coli to E. herbicola, and that E. herbicola strains harboring RP1 are 
‘capable of transferring the plasmid to Erwinia spp. and to other entero- 
bacteria. These results demonstrate that plasmids are readily transferred 
from enterobacteria to E. herbicola strains, and that the "“herbicola" 

Strains retain the plasmid under non-selective conditions, and can donate the 
plasmids to a variety of enterobacteria including other Erwinia spp. 

At this juncture in our consideration of the case, we argue that (if 
Such transfer of plasmids between E. herbicola and other enteric bacteria 
is indeed occurring in nature) we should be able to detect the presence of 
plasmids in natural isolates of E. herbicola. To that end, we undertook 
a systematic search for plasmids in human clinical strains of E. herbicola. 

A collection of such strains was obtained from Mount Sinai Hospital in New 
York (from E. Bottone), and we initially examined the isolates for their 
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biochemical properties. Although these isolates resembled plant strains of 
E. herbicola in cultural and biochemical properties, some strains differed 
among each other and from plant strains with respect to a few characters. 

The characters of interest to us were (a) drug resistance and (b) the ability 
to utilize lactose as the sole source of carbon and energy. The lac genes 
are known to be carried on a variety of plasmids in enterobacteria. In light 
of our findings on F'lac™ transfer between E. coli and E. herbicola strains, 
it was deemed worthwhile to test the lac™ strains for the presence of 
plasmids. Qut of nine strains tested, we detected the ability to transfer 
lac* in two strains of E. herbicola (EH122 and EH133); such transfer was 
effected to other strains of E. herbicola (from animals and plants) and to 
Shigella dysenteriae. The frequency of this transfer was low with E. 
herbicola strain EH122 and slightly higher with EH133. We subsequently 
established that this transfer was mediated by conjugation and not by a 
bacteriophage, although the donor strains (EH122 and EH133) are lysogenic 

and could be induced by mitomycin C treatment, and the phage particles 
Plaqued on lawns of related E. herbicola strains. The host range of the 
E-lac plasmid is rather broad [Table 5]. E-lac is readily transferred to 
Erwinia spp., to E. coli, to Salmonella typhimurium, and to Shigella dysen- 
teriae. The plasmid is very stable: we have not detected the spontaneous 
loss of the plasmid thus far from any of the hosts that we have tested. It 
is noteworthy that this E-lac plasmid, in contrast to F'lac’, is remarkably 
Stable in Erwinia chrysanthemi; Flac” is lost from cells of this species at 
a very high frequency (85 to 90% of the total population becomes Lac when 
grown under non-selective conditions), whereas we have not detected any Lac 
Clones from E. chrysanthemi strains harboring E-lac” under identical experi- 
mental conditions. This particular trait, along with the extended host range 
of this plasmid, makes it more suitable for genetic work on Erwinia spp. 

We have tested the lac” exconjugants for their donor ability. The 
results [Table 6] reveal that lac is transferred from all the exconjugants 
tested; the frequency of transfer varies, depending on the donor strain 

employed. That the sex factor E is linked to lac” genes, and that therefore 
the sex factor and lac™ genes are cointegrates as opposed to aggregates, is 
Suggested by the results of Plkc transduction of E-lac” Inge co bienost 
system. At present, we are seeking physical evidence for this state by 
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isolating the plasmid Hs transforming E. coli cells to the Lac’ state, 
and then testing the Lac” Clones for their donor ability. 

The results presented above clearly indicate that plasmid transfer to 
E. herbicola strains from enterobacteria occurs readily. The detection of 
the plasmid E-lac” in the human clinical strains of E. herbicola suggests 
that such interaction among these bacteria occurs in nature as well. Thus 
far our results do not reveal a significant change in the virulence of 
plasmid-bearing strains either of Erwinia amylovora or of members of the 
“carotovora’ group. However, this aspect is currently under systematic 
examination in our laboratory. 
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ABLES. 


COMPOUNDS UTILIZED BY ERWINIA SPR AS THE SOLE SOURCE 
OF CARBON AND ENERGY 


ComPouND “HERBICOLA” “AMYLOVORA” “CAROTOVORA” 
D-ARABINOSE | ~ “ = 
D-GALACTURONIC ACID + - + 
D-ALANINE + - 2 
L-ORNITHINE + = a 
$-AMINOBUTYRATE + “ = 
L-HISTIDINE + ss 28 
L-PROLINE +. es “ 
PUTRESCINE - & te 
TRIGONELLINE + sa 
ARBUTIN + é = 


PHLORIDZIN + a % 
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TABLE 2. 


EFFECT OF ERWINIA HERBICOLA STRAIN Y74 AND ITS Lac* 


EXCONJUGANT Y74 R3 ON THE VIABILITY AT 30C OF SHIGELLA 


DYSENTERIAE STRAIN 2880 S1 








TREATMENT VIABLE COUNT 
(No./ML) 
0 TIME 3 HR 
E, HERBICOLA Y74 1.3 x 10° 5.5 x 109 
E, HERBICOLA Y74 R3 1.2 x 109 5.8 x 109 
S. DYSENTERIAE 2880 S1 7.2 x 10° 1.7 x 109 
E. HERBICOLA Y74 x S. DYSEN- 
TERIAE 2880 Sl 
Y74 1.5x102° 7.0 x 109 
2880 Sl 7.0 x 10° 5.0 x 104 
E, HERBICOLA Y74 R3 x 
S. DYSENTERIAE 2880 Sl 
Y74 R3 1.1 x 109 4.7 x 102 
2880 $1 7.5 x 10° 3.2 x 104 
TABLE 3. 
TRANSFER OF F’Lac’ AND R-FACTORS FROM 
ENTEROBACTERIA TO ERWINIA HERBICOLA 
FREQUENCY OF TRANSFER 
SPECIES PLASMID OF DONOR CELL TO 
EH103 EH10S 
EscHERICHIA cot! K12 F’Lac™ 36x10 7,7x 10° 
E, cour B/R R100pRD-56 Moe c0w) 1,0 x 10m 
SHIGELLA FLEXNERI SRL (Tet® 5 
CuL® Str 1.2 x 10 1.0 x 10 
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TABLE 4, 


TRANSFER OF PLASMIDS FROM ERWINIA HERBICOLA TO ERWINIA SPP, 
AND OTHER ENTEROBACTERIA 





RECIPIENT SPECIES PLASMIDS TRANSFERRED 

F’iac* R10Cprp56 SR1 
ERWINIA AMYLOVORA + + - 
ERWINIA CHRYSANTHEMI. * - - 
ERWINIA CYTOLYTICA + + ms 
ERWINIA HERBICOLA + = : 
ESCHERICHIA COLI + | + a 
SALMONELLA TYPHIMURIUM ~ + = 
SHIGELLA DYSENTERIAE + + - 

TABLE SS. 


TRANSFER OF pac FROM HUMAN CLINICAL ERWINIA STRAIN EH133 
TO OTHER ENTEROBACTERIA . 


FREQUENCY OF 
LAC TRANSFER 


RECIPIENT 
(PER DONOR CELL) 


ERWINIA AMYLOVoRA (EA1/8-S;): 4.7 x 1077 
ERWINIA CHRYSANTHEMI (ECLE6-S4) 2.2 x 1077 
E, HERBICOLA (EH103-S)) 1.4 x 1076 
E. HERBICOLA (EH105-Sy) 7.6 x 108 
E. Herarcota (EH1O6-S}) 3.4 x 1077 
E, HeRBICOLA (EH126-S;) 3.4 x 107° 
ESCHERICHIA coLr (2492) 1.0 x 1077 
SALMONELLA TYPHIMURIUM (3335-S}) 2.0 x 1078 

1.8 x 107° 


SHIGELLA DYSENTERIAE (2872-S1) 
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TABLE 6. 


DONOR ABILITY OF THE LAC EXCONJUGANTS HARBORING E-Lac* (ORIGINALLY 
FROM HUMAN CLINICAL ERWINIA HERBICOLA STRAIN EH133) TO ESCHERICHIA 
COLI FrLac™ STRAIN 2492-N, 








DONOR CULTURE : TRANSFER (GER 
ERWINIA AMYLovorA (EA178-S,-L) 6.0 x 107° 
E. HeRBIcoLa (EHIO3-S)-L)) 2.0 x 10° 
E. HERBICOLA (EH105-S)-L; 1,5 x 10° 
E. HERBICOLA (EHLO6-S)-L}) ‘ifthe a 
ESCHERICHIA CoLI (2492-L)) 4.3 x 107 
PARACOLOBACTRUM ARIZONAE (2236-S,-L}) 2.0 x 1074 


SALMONELLA TYPHIMURIUM (3335-8; -Ly) 1,0 x 1077 
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Pertinent Statements Made During Discussion on E pidemiology (Part IT) 


E. J. Klos, Chairman 


This session is a continuation of the first section and discussions that 
followed on epidemiology with emphasis on cankers, dissemination of the 
pathogen, bacteriophages and Erwinia herbicola. 

CANKERS 

Generally it is agreed that cankers are the major primary source of 
inoculum in the spring. Cankers are broadly divided in two types determinate 
and indeterminate. The former having definite demarcation between diseased 
and healthy tissue and the latter showing a color differentiation without 
any definite demarcation. Isolation of the bacteria from the indeterminate 
cankers generally shows a higher percentage of success. Some researchers 
suggest size of cankers influenced the survival of bacteria, however others 
have shown evidence disagreeing with this statement. 

Presence of ooze on cankers was thought to be the chief indicator of 
primary inoculum, Beer and Scroth indicated that bacteria could be isolated 
from canker surfaces without evidence of ooze. Beer stated that cankers 
kept moistened artifically yielded the pathogen in greater numbers than 
cankers exposed to ambient conditions. Also that E. amylovora was recovered 
from a higher percentage of cankered trees grown at ah 1s compared to trees 
held at 17 and 28°C. | 

Cankers examined throughout the year by Ritchie and Klos showed a 
sharp decline of E. amylovora populations and the number of active cankers 
in late fall and early winter. In this study there was no significant 
difference in canker size and presence of E. amylovora. 

Klos stated that E. amylovora frequences were studied in pear cankers 
during the dormant season. Maximum frequency occured at .5-7.5 cm. above 
the lower margin of the canker and only 1-2 cm. into live tissue. Erwinia 


herbicola was associated with E. amylovora in those cankers. 
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NURSERY STOCK 
Klos indicated there have been several cases where nursery stock has 
introduced the disease in new fruit areas. Only clean nursery stock grown 


in isolated locations should be approved for sale. 


BIRDS 


In North America the role of birds has not been resolved in dissemination 


of E. amylovora. 


LONG DISTANCE SPREAD 

The spread of E. amylovora from North America to England has been 
speculated to be due to contaminated fruit boxes and/or nursery stock. 

The spread from England to the northern regions of the European 
continent is suspected to be by wind (aerial strands) and birds. The aeril 
strand theory has not been substanuated. Danish workers indicated that 
spread could be accomplished during migrating flights of starlings. Common 
roosting sites in these areas are susceptible Craetagus spp. They showed 
that the bacteria lasted 8 days on artificially infested feet Flying 
time from England to Denmark is 2-3 days. This circumstantial evidence 


indicates long distance spread by migratory birds is a distinct possibility. 


BACTERIOPHAGES 
A number of researchers in the past have worked with E. amylovora 
phages mainly as a sensitivity test for the bacteria. Recently, Erskine 
suggested phages play a role in E. amylovora epidemiology. All his work 
was done with phages isolated from the soil. Ritchie stated he recently 
isolated phages from aeril portions of apples. Gibbins reported on a 
temperate phage of E. herbicola he isolated after treatment with Mitomycin C. 
Ritchie is in characterizing E. amylovora phages to determine their 


role in the etiology of the pathogen. 


ERWINIA HERBICOLA 

Erwinia herbicola often associated with E. amylovora in some tissues 
poses as an interesting approach to biological control. Klos indicated 
that in controlled experiments E. herbicola,when introduced before E. amylovora 
in blossoms ,give up to 50% control. Scroth indicated that his group has 
research underway studying the use of non=pathogenic bacteria to control 


pathogenic bacteria. Klos' group is continuing research on the role of 


E. herbicola as a possible antagonistic agent against E. amylovora. 
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DISSEMINATION 

Spread of fire blight bacteria can be divided in two categories 
i short distance, 2. long distance. Generally we are concerned with 
short distance which includes insects, wind and rain (storms), strands, man, 
birds and nursery stock. 


INSECTS 


Burrill first reported the role of insects in fire blight spread. The 
importance of insect dissemination will vary from area to another or one 
orchard to another. California workers feel insects play and important 
role in dissemination. Other workers have shown that other means are as 
important if not more important. 

There is no doubt insects play an important role particularly in short 
distance spread. Flowering visiting insects can spread bacteria from flower 
to flower, tree to tree and even orchard to orchard. The same can be said 
to sap feeding insects as leaf hoppers and aphids. 


WIND AND RAIN 


All workers agree that E. amylovora is spread by wind and rain. Recent 
work in England by Billing indicated the importance of certain types of 
stormes in disseminating bacteria. 


STRANDS 


Bacterial strands have been recognized in the past as agents of dissemination. 
Kiel has shown that an agricultural iol increased the production of strands 
on treated trees. 


MAN 


Man can spread the pathogen by several means ~- by contaminate pruning 
tools, fruit boxes, and ladders. Eradication by summer pruning has to be 
executed judiciously or more damage will be done than good by actually 


Spreading the pathogen by pruning tools. 
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“BIOLOGICAL ACTIVITIES OF THE COMPONENT FRACTIONS OF AMYLOVORIN 
Paul R. Stoffl, A. L.-Karr and R. N. Goodman 


Department of Plant Pathology, University of Missouri-Columbia 


Ooze recovered from slices of immature apple fruit inoculated with a virulent 
isolate of Erwinia amy lovora, contains the host-specific toxin, amylovorin. Immedi- 
ate ethanol precipitation and lyophilization of the ooze upon collection stabilizes 
the toxin and precludes loss of biological activity (wilt-inducing capacity). The 
ethanol precipitate was subsequently separated into three fractions on a Dowex 1-x8 
column in the carbonate form. The first 2 fractions were eluted with 10M and 


3 


1M NaHCO, with 10 ~-M EDTA (trisodium salt). The third fraction was eluted with 


3 
-2y : -3 ' -3 
3M NaCl, 10 NaHCO. with 10 ~M EDTA. Each fraction was dialyzed against 10 M 


3 

potassium phosphate, pH 7.0, and lyophilized. Inactive toxin recovered total 
biological activity when passed through the column. Each fraction contained a 
carbohydrate and a protein component. The 10M fraction contained ~50ug of 
carbohydrate and ~35ug of protein per 100ug. The 1M and 3M fractions contained 
=40Ug and ~20ug of carbohydrate and =30uUg and =20ug of protein, respectively per 
100ug. Succulent apple shoots, var. Jonathan exhibited strong wilt in 60-90 min. 
"when placed in a 100ug/ml solution of the 3M fraction. Apple shoots placed in 
100ug/m1 solutions of either the 10M or 1M fractions wilted in 90-120 min. 

Tests of the Be acing capacity of the carbohydrate and protein components of 


the 10° fraction separately, revealed that only the carbohydrate induced wilt. 


No toxin activity was detected at pH 4.0, 5.0; it was very slight at 6.0; and 


Maximum at pH 7.0 - 8.0. 
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“PRODUCTION OF AMYLOVORIN AND AN AGGLUTINATING FACTOR IN APPLE CELL 
SUSPENSION CULTURES INOCULATED WITH ERWINIA AMYLOVORA 
S. T. Hsu and R. N. Goodman 


Department of Plant Pathology, University of Missouri-Columbia 


Virulent strains of Erwinia amylovora produce a host-specific toxin, amnylovorin, 
on immature apple fruit tissues, but not in the artificial medium. Studies were 
performed to determine whether the toxin could be produced in apple cell suspension 
cultures inoculated with the pathogen. Suspension cultures (apple var. Antonovka) 
were grown in an agitated liquid medium and inoculated at the late exponential 
growth phase (14 days) with a virulent E. amylovora strain. Culture filtrates were 
tested for toxin activity (wilt induction) by the excised Jonathan shoot or leaf 
bioassay procedures. Toxin activity was detectable 2 days after inoculation with 
the bacterium and increased over a period of 7 days. The toxin was not detected 
in sterile culture medium, filtrate from control suspension culture nor filtrates 
from suspension cultures inoculated with an avirulent strain of the pathogen. The 
toxin-containing filtrate or partially purified toxin induced wilting of suscep- 
tible host but not of nonhost plants. A factor which agglutinated the avirulent 
strain of the pathogen in vitro also was produced in suspension cultures inocu- 
lated with the virulent strain of E. amylovora. Production of the toxin in cultures 
occurred earlier than that of the agglutinating factor. Separation of the toxin 


and agglutinin and the biochemical nature of the latter is discussed. 
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ULTRASTRUCTURAL OBSERVATIONS OF XYLEM-PARENCHYMA DAMAGE AND 
XYLEM-VESSEL PLUGGING CAUSED BY THE TOXIN AMYLOVORIN 
R. N. Goodman and J. A. White 


Department of Plant Pathology, University of Missouri-Columbia 


Apple shoots var. Jonathan, approx. 10 cm in length, were placed in a solution 
containing 100 ug/ml of the fireblight toxin amylovorin. Within 2 hours the toxin, 
which is produced by Erwinia amylovora only in the presence of host cells, caused 
plasmalemma discontinuities in xylem parenchyma cells. In addition, some xylem 
parenchyma cells plasmolyzed and neighboring vessels became occluded with a loose 
gel-like substance. The latter appears in high magnification to be a network of 
fibrils and granules. The plugging substance accumulates initially between the 
plasmalemma and wall of xylem parenchyma cells. There is clear evidence that this 
material then passes from xylem parenchyma into xylem vessels through pits. In 
addition, some electron micrographs suggest trans-wall passage of the xylem- 
plugging substance. No ultrastructural distortion was observed in phloem or phloem 
associated cells. The induction vessel plugging as an active and host specific 


process is to be discussed. 
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FACTORS AFFECTING THE SENSITIVITY OF 
ROSACEOUS SHOOTS TO AMYLOVORIN-INDUCED WILT 
Thomas M. Sjulin and Steven V. Beer 

Assistant Extension Plant Pathologist, University of Illinois, Urbana, 
and Assistant Professor, Department of Plant Pathology, Cornell University, 
Ithaca, NY, respectively. 

Goodman, Huang and Huang [Science 183:1081-1082 (1974)] isolated from fire 
blight ooze a high molecular weight polysaccharide, amylovorin, which was 
characterized as a host-specific phytotoxin. When shoots of rosaceous plants 
were placed in dilute amylovorin solutions, they wilted in a period of time 
that was negatively correlated with their observed field susceptibility to 
Erwinia amylovora. Shoots of six non-rosaceous species tested did not wilt 
in amylovorin solutions. 

Studies by Sjulin and Beer [Proc. Amer. Phytopathol. Soc. 2:107 (1976) 
and 1976 APS Meeting Abstract] indicated that wilt induced by amylovorin in 
cut shoots of Cotoneaster pannosa was not related to wilt observed in infected 
shoots. Water potentials of amylovorin-wilted shoots were significantly lower 
than those of non-wilted shoots. Dextrans of comparable size also induced 
similar decreases in water potentials. Uptake and transpiration rates of 
shoots in amylovorin solutions decreased prior to wilt. Flow rates of water 
in stem segments from amylovorin-wilted shoots were significantly lower than 
flow rates in segments from non-wilted plants. Electrolyte loss from amylovorin- 
wilted shoots was not different than that from nonwilted shoots. It was concluded 
that amylovorin induced wilt by restriction of water movement. 

In contrast, the wilt observed in infected shoots does not appear to 
result from restriction of water movement. Instead, the observed increases in 
water potential and electrolyte loss in infected tissues suggest that wilt is 
due to destruction of membrane semi-permeability. 


Studies with clonally propagated rosaceous shoots indicated great variability 
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in the time required for wilt in amylovorin solutions. This report describes 
attempts to determine factors influencing the sensitivity of rosaceous shoots 
to wilt induced by amylovorin. 

The sensitivity of vegetative shoots of Spiraea vanhouttei and Cotoneaster 
pannosa to amylovorin-induced wilt was compared with their susceptibility to 
E. amylovora following artificial inoculation. No infections were observed 
in shoots of S. vanhouttei inoculated singly with three different isolates 
of E. amylovora. Inoculation of C. pannosa shoots with the same isolates 
Consistently resulted in typical symptoms of infection. However, no significant 
difference in the mean time required for wilt in amylovorin solutions (0.5 
mg/ml) was observed between S. vanhouttei shoots (53 min) and C. pannosa shoots 
(78 min). 

It appeared that relative succulence of C. pannosa shoots was related to 
sensitively to wilt in amylovorin solutions. Succulence of C. pannosa shoots 
was estimated by measuring the flexibility of each shoot. Flexibility was 
determined by suspending a 3.5 g weight from the apices of vertical ly-positioned 
shoots. The distance in centimeters (to the nearest 0.5 cm) from the shoot apex 
to the top of the curvature induced by the weight was designated as the succulence 
index. 

A highly significant negative correlation (P = 0.01) was observed between 
the succulence index and the time required for wilt in amylovorin solutions (1.0 
mg/ml) for C. pannosa shoots. Although considerable variability could not be 
explained on the basis of the succulence index (R? = 0.42), shoot succulence 
would appear to be an important factor to control during host specificity 


studies with amylovorin. 
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Discussion on Amy lovorin 


Goodman: I would like to have that picture back that 
shows the ranking system of the amylovorin test. 
The reason I mention this is because there is a 
little bit of a hint of how to improve the type of 
shoot that we can take. There seems to be an un- 
usual example, Steve (Beer), in your system. Steve 
(Beer) went to great lengths to establish uniformity 
moesnoOts. i Chink that “the turgor of the shoot, “or 
its bendability, is perhaps not as good as it might 
be. Maybe this is a detail but I'll tell you what 
I've been able to determine. In looking at diffu- 
sive resistance of either leaves or shoots, I find 
menacei can tell in a group of 10 shoots of the same 
variety, let's say Red Delicious or Jonathan, those 
which will respond to toxin quickly and those which 
will not. Which means something that those who have 
used the test have discovered, that shoots are not 
uniform in their response to toxin. There is in fact 
a great deal of variability. But I have been able 
to take a group of ten and quickly establish those 
which are responders and those which are not. And 
what I've done is measure diffusive resistance. I 
can take a shoot like this and while it's in water 
(its base has been cut) I can measure diffusive re- 
sistance and get a deflection (on the meter). If 
it's a rapid one, I know that once put in toxin, it 
will go down (wilt) in a very short period of time. 
If I take another one at random, exhibiting increas- 
ing diffusive resistance, that particular shoot will 
not take up toxin. My theory is this: That shoots 
vary in the rate at which they can pick up toxin. 
I think that the system itself is terribly important. 
If you went out to the field yesterday and saw what 
pains are taken in putting out varieties and the 
possible loss of an entire block by ~noculation, 
there is some merit in perfecting a system like this 
if, in fact, it is perfected. I repeat this, ipa, ale 
fact, it is perfected. I believe that, with careful 
monitoring of half-a-dozen shoots, or ten shoots for 
that matter, I can pick out now three or four shoots 
that I am sure will respond very vigorously to the 
toxin, again indicating that all shoots are not 
equally capable of reacting at the same speed or to 
the same intensity. And so, if you do a test, and 
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this test was done really very effectively, very 
scientifically, and I think, all precautions were 
taken to give both the toxins (amylovorin prepara- 
tions) a fair test, however, I believe that, knowing 
what I know, four shoots are taken using the tech- 
nique of selection that Steve (Beer) used is not, 
perhaps good enough. 


Beer: Pardon me, Bob, I didn't select them. 


Goodman: No, you selected them, or how did they come 
into your hands? 


Beer: We had, what was it, about 30 potted plants of 
each cultivar, and we measured flexibility. 


Goodman: Yes, OK, that's the selection procedure. 


Beer: Right. 


Goodman: I was very careful to say that you used proper 
techniques. I'm not going to say anything disparag- 
ing about the way you pick your shoots. I'm just 
Saying that there is, or may well be, a better way 
to select shoots for sensitivity to the toxin. My 
final point is, I believe that at least in my hands, 
each time I try and do it, we use ten shoots at ran- 
dom, without this preselection, the difference be- 
tween great resistance (Red Delicious) and Jonathan 
is so clear that there is at least a 6 to 8 hour 
difference in the time that wilt occurs. Before we 
get something like this, you can get something in 
Jonathan that occurs in 2 hours here and takes 12 
hours, or longer to get with Red Delicious. I do 
think, of course, to give this technique as it now 
has been developed to people like Herb (Aldwinckle) 
or Gordon Bonn, it's probably not ready for that 
sort of thing. But I do believe that it has a 
degree of merit. I can't believe that what I see 
is a figment of my imagination and I think also it's 
a matter of time before we are able to establish 


whether there is fact or isn't. 


Aldwinckle: I wonder whether other people have had 
experiences similar to those of Bob (Goodman) or 
Steve (Beer). We haven't had any kind of evidence 
on pears, for instance. I tniunk 1n your (Goodman's) 
original Science paper you had more pear varieties 
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than apple varieties. So this might be something 
worth looking into. 


Poln-eee it Naven tC»béen able® to do» too much work, but 
what I have done is to test pear vs. a number of 
Prunus species and I find that there is a marked 
difference. The pears wilt but the Prunus spp. do 
not. Where I have run into problems is in the 
variability of my plant material. And this is why 
you have to find, or select, material that will not 
be variable. 


Goodman: I really feel that there is an inherent way 
to judge the sensitivity of a given apple or pear 
shoot to the toxin itself. I think you (Beer) have 
judged that the importance of light is a significant 
one in the wilt test. Which means that so little 
efficiency, or so little aperture, is terribly im- 
portant in this process. Maybe we are not paying 
attention, for example, to shoots that are shade 
shoots, shoots that perhaps don't have the correct 
stomatal aperture. I believe that using a tool that 
actually gives you the amount of water being trans- 
pired in control shoot before it's been treated, 
allows you to assess just how efficiently or--how 
much transpiration is taking place from a leaf sur- 
face. Then I am able to pick out shoots that I 
know will go down very quickly to toxin. 


Beer: I wouldn't argue with that. But I'm saying 
that the conditions that we used were I think, as 
uniform as one could hope to get in selecting new 
material. It was clonally propagated material grown 
in the greenhouse. We did get differences in the 
mean wilt indexes of the various cultivars. There 
seems to be a cultivar effect. Some of these varie- 
ties that we used are not commonly planted, not that 
well known, but others of them are. If we forget 
for a moment that we knew what these cultivars were 
and consider that they are selections from breeding 
programs, all clonally propagated, based on amylovorin 
sensitivity, we would have judged Prima as suscep- 
tible, and york as resistant. From Herb's 
(Aldwinckle) tests, and our own field observations, 
we know that the reverse is true. So we'd be throw- 
ing out the resistant and keeping the susceptible. 
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Goodman: Well, I would hope that you wouldn't press 
any kind of a screening system that quickly, and 
throw away breeding material based on something 
that's been extant for about a year. No one in my 
laboratory has suggested that this is the way it is 
to be done. We haven't said that this system should 
be used, must be used, or can be used successfully. 
Tt has to be tried, and if it's found wanting, either 
FOrgeveL_t or try "to modify it: 


Van der Zwet: Just one comment. [In our pear breeding 
program we had used Bob's (Goodman) amylovorin; it 
was two years ago, when Regine Samson came right 
from your (Goodman's) lab to our lab. We were unable 
to show what you had published. However, in one 
minor test, a bunch of seedlings from a very suscep- 
tible cross did react. Due to the Handbook, we 
haven't been able to get to it, but, next year I 
want to get together with you (Goodman) and test 
amylovorin against our pears. 


Goodman: One final thing, we're now very happy to 
supply this material for many people to test and if 
T felt that there was not much of a possibility or 
I wanted to substantiate my own results personally, 
I don't think I'd be that free with the material that 
jmesendindg outs I expected it to be tested. If 
it's no good you'll know about it. If my current 
theory is one that won't stand the test of time, it's 
not terribly important. 


Aldwinckle: One small point I'd like to make myself. 
I was interested in the pears as against the apples 
because in your Science paper and in subsequent dis- 
cussions you've mentioned two apple varieties, 
Jonathan and Red Delicious, one susceptible and one 
resistant, and the susceptible wilts quicker than 
the resistant. So if we looked at our list of nine 
cultivars, which Steve (Beer) showed, we could pick 
out one susceptible and one resistant and we could 
find the susceptible wilting faster than the resis- 
tant, but that's only two and it doesn't hold up. 


Goodman: It may be fortuitous, you say? 


Aldwinckle: Yes, whereas there were more pears in your 
Science paper, so I was wondering about that. 
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uc: a think it‘s important not to confuse the role of 
amylovorin in the host-parasite interaction with its 
use as a mechanism for screening. I can very easily 
see it having a very important role in the host- 
parasite interaction, if not the key, certainly one 
of the very principal mechanisms for susceptibility 
and yet the technique itself that's used for cutting 
the shoot having exceptions. I might add that we 
also were interested in this, in amylovorin before 
we knew it was amylovorin. We had a graduate student 
working on the problem. Bob (Goodman) spoke to me, 
or somehow I learned of the progress that he had made 
before the publication and Bob (Goodman) very gra- 
ciously gave us information about isolation, etc., 
of the material and we had tested it with Delicious 
and Jonathan. The Delicious was resistant, the 
Jonathan, very susceptible (to wilt) with that shoot 
test. We tested some pear varieties, we had one 
notable exception in our pear varieties. We have a 
numbered line, which is essentially immune (to E. 
amylovora) but in our hands wilts very TaplaLy - cuc 
T think that this is a character of cutting that 
shoot and it's very sensitive. So I think there are 
other factors which superimpose upon the sensitivity 
to the toxin and I think cutting the shoot and its 
inherent ability to wilt is such a complication. 
But I don't think that detracts from the role of 
amylovorin in the host-parasite interaction. 

















ove (vas 
fs es oi ‘ 

ved 22 eae 
st £Bs 16 

‘yoav acdg to 

> 4 oY Prt: 

tc 6JGo%a8 On 
igk sxsw ogf 
wots . were o* 
o pik aot 
WOT Oe Se 
; 2702e 
7 VSD viewots 
. i am ote Be 
asitsatot, Brg 

sv . netted 

z SW ade — 
noltqgenwea ef On 


(7 he | o3 ted TIL 
ia 


° 


on all « 


Of. 


. | tut (esovelr ‘ime 

eye Ta we xn iciD, 

[Tay a’! Bee: J008 
iteqve soidw otedss$ seme 


> rA0i15 TI bos oieed 289.6 
. alitw of vtilide 4nesem 
Lit22 Be ROD 7 . Suet 


TSq~-IB0 ‘3 af mitovolvig 


a 
\ 
‘ 


A study of the ultrastructure of the cell envelope of Erwinia amylovora 


NCPPB595 using the freeze-fracture technique.” 
L.N. GIBBINS, D.A. FARAGO and W.J. VAIL. 


Department of Microbiology, University of Guelph, Guelph, Ontario, 
Canada, N1G 2W1. 


The fracture planes exposed by the freeze fracture technique in 
the outer regions of the cell envelope of Erwinia amylovora NCPPB595, 
grown to exponential or stationary phases in yeast beef broth at 30°C, 
confirmed the structure typical of Gram-negative bacteria. At the 
level of the plasma membrane, however, a hitherto undescribed mode of 
fracture, which exposed an additional plane, was observed. The 
explanation of this plane required a re-evaluation of the current 
interpretation of the location of freeze-fracture planes at the level 
of the plasma membrane in Gram-negative organisms. It is proposed 
that, in order for cleavage to occur through the hydrophobic interior 


of the plasma membrane of E. amylovora NCPPB595, the membrane at the 
site of fracture must be devoid of included particles. 


This work was supported by the National Research Council of 
Canada. - 
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A: convex surface exposed by probable cleavage of the outer membrane; 

B: outer surface of ‘the cytoplasmic membrane (particulate); C: outer 
surface of the cytoplasmic membrane (non-particulate) ; D: surface revealed 
by cleavage of the cytoplasmic membrane. The arrow indicates the direction 
of metal deposition, and the bar represents 0.1 nn. 
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Physiology of virulence in Erwinia amylovora. 
tie 
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Sarrier property of the EY amylovora cell envelope in relation to 


- plant virulence. 


<i | 
: 3 the 
il. Contribution of the gal operon of E. amylovora to plant virulence 


\ 
—— 


ARUN K. CHATTERJEE and MORTIMER P. STARR 
Department of Bacteriology 


University of California 
Davis, California 95616 


15 September 1976 








Paper presented at the Third Workshop on Fire Blight Research, 
Ithaca, New York, 20-22 September 1976. A privileged communication. 
All rights reserved by the authors and the University of California. 
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The mechanism(s) by which Erwinia amylovora produces the symptoms of 
fire-blight disease in apples and pears is at present unclear. Goodman and 
his associates (Goodman and Huang, 1974; Hsu and Goodman, 1976) have reported 
that a polygalactose toxin, amylovorin, is produced by the bacteria in the 
susceptible host plant or plant parts but not in culture media. There is, 
however, some controversy regarding the toxic role of amylovorin. Sjulin 
and Beer (1976) have demonstrated that the infection of the host by Erwinia 
amylovora caused an alteration of cell permeability, whereas amylovorin 
caused wilting of the host plants by a non-specific restriction of water 
movement. These observations cast doubt on the alleged specific role of 
amylovorin in the fire-blight disease (Goodman and Huang, 1974). The 
possibility remains that the bacterium might produce in the susceptible 
plant host a toxin (in addition to amylovorin) which is host-specific and 
alters host cell permeability, eventually leading to host cell death. If 
this notion is correct, then the two processes--i.e., production of necrosis 
by a specific necrotoxin, and production of ooze (= or # to amylovorin; 
polygalactose)--should be separable. One way of effecting this separation is 
by mutant analysis. The isolation of E. amylovora mutants which produce 
necrosis of the host but produce very little or no ooze might implicate the 
role of a toxin other than amylovorin in the fire-blight syndrome. We have 
now obtained mutants of E. amylovora which produce necrosis when inoculated 
Onto the skins of immature pear fruits, but which do not produce ooze when 
inoculated onto the cut surfaces of such pears. The properties of some of 
these mutants are described below. 

We have taken an additional approach in determining the role of 
amylovorin in the fire-blight disease. Analysis of the purified poly- 
Saccharide portion of the amylovorin has revealed that 70 per cent (by 
weight) is made up of galactose (Goodman et al., 1974; Eden-Green and Knee, 
1974; Seemuller and Beer, 1976), and the molecule has therefore been 
referred to as "polygalactose". Further, Stoffl, Karr, and Goodman (1976) 
have shown that only the carbohydrate moiety of the toxin molecule induced 
wilting of Jonathan apple shoots. The genes controlling polygalactose pro- 
duction are probably located on the E. amylovora chromosome. Production of 
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polygalactose might occur via formation of nucleotide-galactose (probably as 
UDP-galactose) and the subsequent transfer of galactose from UDP-galactose 
to the nascent polygalactose chain by a specific transferase activity. If 
this assumption is correct, simultaneous blocks in the entry and activation 
of galactose--i.e., in the formation of gal-1-P (gal_K) and UDP-galactose 
(gal_T) and in the conversion of UDP-glucose to UDP-galactose (gal E) [Fig. 
la] or a block in the transferase activity--would prevent the synthesis of 
polygalactose by the bacterium. In both E. coli and S. typhimurium, the 
genes (gal OETK) of the gal operon are clustered in one region Lei gem by 
(Bachmann et al., 1976; Sanderson, 1972; Sanderson and Hartman, in prepar- 
ation). We have now found a gross similarity in the location of genes on 
—. amylovora and E. coli or S. typhimurium chromosomes. On this basis, one 
might postulate that the strains of E. amylovora in which the gal operon 
is deleted or non-functional might fail to produce the ooze (polygalactose) 
when inoculated onto immature pear fruits. In addition, studies on such 
mutants might reveal whether polygalactose production is determined by the 
gal operon and whether it is required in the pathogenesis Ota e t amylovora 
Strains. Some of our preliminary results (Chatterjee and Starr, in . 
preparation) with spontaneous gal mutants of E. amylovora, presented below, 
reveal that some gal mutants cause necrosis of immature pear fruits but 
produce very little or no ooze. Our results also suggest that a functional 
gal operon is required for full virulence, suggesting a role, perhaps of 
Secondary nature, of amylovorin (polygalactose) in the fire-blight disease. 
We (Chatterjee, Buss, and Starr, in preparation) have also found that 
the wild-type strains of E. amylovora are markedly sensitive to novobiocin, 
deoxycholate, and sodium dodecyl] sulfate. The LD gg (ug/ml) of these three 
agents were 15-100, 40-800, and 50-800, respectively, depending on the 
Strain of E. amylovora tested [Table 1]. The growth of other Erwinia spp. 
(E. carotovora and E. herbicola) and of Salmonella typhimurium was not 
affected at all, or was only slightly affected, at these concentrations of 
these agents. The presence in E. amylovora strain EA178 of the plasmids 
F'lac’, RP1, and R100drd-56 resulted in enhanced sensitivity of the 
bacterial strain to novobiocin and sodium dodecyl sulfate; these plasmids 
did not alter the resistance of S. typhimurium LT2 to the agents [Table 2]. 
E. amylovora strains spontaneously release into the growth medium a peri- 
plasmic enzyme, cyclic phosphodiesterase [Table 3]. The absence of 
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detectable activity of a cytoplasmic enzyme, glucose-6-phosphate dehydro- 
genase, in the culture supernate indicates that extensive cel] lysis did 
not occur. Addition of MgCl, (20 mM) and sodium chloride (84 mM) to 
Tryptone broth stimulated the growth of E—. amylovora strains and prevented 
the release of the periplasmic enzyme [Table 3]. The extensive loss of the 
periplasmic enzyme and sensitivity of the strains to the three antibacterial 
agents seem to result from defect(s) in some component(s) of the cell 
envelope other than the lipopolysaccharide of these bacteria. Mutants, 
obtained by ethyl methane sulfonate treatment of E. amylovora strain EAI78, 
which are resistant to each agent separately (or to all three of them), 
revealed a correlation between resistance to these agents and periplasmic 
leakiness [Tables 4 and 5]. The mutants resistant to these agents show 
a decrease in virulence, i.e., in the extent of necrosis and in the quantity 
of exudate produced on immature pear fruitlets [Table 6]. These observa- 
tions suggested to us that a defective cell envelope plays a role in patho- 
genesis and, hence, has been conserved in these phytopathogenic bacteria. 
Virulence of gal mutants. The results summarized in Tables 7 and 8 
reveal that spontaneous gal mutants of EA213 (E9) and EA198, both virulent 
Strains, exhibit a variety of virulence phenotypes [Table 9]. Based upon 
these results, the following tentative conclusions can be made regarding 
. the role of the gal operon in virulence of E. amylovora: 
a. A functional gal operon (or, at least, part of it) is necessary for full 
virulence. 
b. A necrotic reaction can occur in the absence of ooze production. 
c. Ooze production is dependent upon the development of necrosis. In no 
case have we detected ooze production in the absence of necrosis. 
d. The gal operon of E. amylovora is involved in formation of ooze. 
Whether ooze = polygalactose = amylovorin is unclear. 
These results lead us to propose the following tentative model for the 
virulence of E. amylovora: 
E. amylovora, once inside the plant tissue, multiplies and produces 
a toxin (for the moment to be referred to as "necrotoxin") which alters the 
host cell permeability and eventually causes host cell death. It is 
possible that the production of this necrotoxin, at least to a limited 
extent, is necessary for the selective multiplication of the pathogen, in 
which case the phase of multiplication (increase in cell population) is 
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followed by a phase of active necrotoxin Production and hence of rapid plant 
cell death. During the later phase of disease, hypothetical activators 
present in the plant might activate bacterial components to Produce poly- 
galactose; the polygalactose thus Produced then affects the plant host cells 
in a non-specific manner. It is Possible that the production of polygalac- 
tose slime at a later phase of the infection Process also provides a means 
for the bacterial cells to survive in nature under the protective coating of 
the polymer. This model predicts that Polygalactose plays a secondary role 
in the fire-blight disease; this prediction is consistent with the findings 
of Sjulin and Beer (1976) and of Eden-Green and Knee (1974). 

If polygalactose (amylovorin) is of secondary importance, how does one 
explain the loss of virulence in some gal strains? It is possible that 
galactose and/or the metabolic products of galactose are also components of 
the “necrotoxin"; if the genes involved in this conversion (galactose + 
necrotoxin) are defective (or deleted) in the gal strains, this mechanism 
would explain the total avirulence of these gal mutants. 

It is equally possible that--in some gal mutants which are completely 
avirulent--there is an alteration in the cell Surface, perhaps in the lipo- 
polysaccharide molecule present in the outer membrane. This postulated 
alteration of the cell surface might prevent cellular interaction (including 
recognition) between plant and bacterium, a process perhaps necessary to 
initiate the infection process. This latter hypothesis is attractive to 
us for the following reasons: (a) we know that galactose is present in 
the lipopolysaccharide molecules of wild-type strains of E. amylovora; 
and (b) mutant strains of E. amylovora, the cell surfaces of which have 
been altered (those which are resistant to novobiocin, deoxycholate, 
and sodium dodecyl] sulfate), are relatively less virulent than the wild- 
type strain (Chatterjee, Buss, and Starr, in preparation). Following such 
reasoning, a role of the cell surface in the pathogenic process seems to 
be indicated and, hence, alteration of the cell surface of —. amylovora 
(by, for example, gal deletion) could result in altered virulence. 

It would be premature at this time to indulge in further speculations 
On the specific role of the gal operon, especially in the absence of data 
On the mutants with regard to (a) the genetics and enzymology of the gal 
Operon, and (b) the multiplication of the gal mutants in the host tissue. 
Studies along these Tines are being carried out in our laboratory 
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(Chatterjee and Starr, in progress), and we expect that the results will 
establish the nature of the specific contribution(s) of the gal operon in 
the fire-blight disease. 


LITERATURE CITED 


Bachmann, B. J., K. B. Low, and A. L. Taylor. 1976. Recalibrated linkage 
map of Escherichia coli K-12. Bactériol. Rev. 40:116-167. 


Eden-Green, S. J. and M. Knee. 1974. Bacterial polysaccharide and 
sorbitol in fireblight exudate. J. Gen. Microbiol. 81:509-512. 


Goodman, R. N. and J. S. Huang. 1974. A host specific phytotoxic 
polysaccharide from apple tissue infected by Erwinia amylovora. 
Science 183:1081-1082. 


Hsu, S. T. and R. N. Goodman. 1976. Production of amylovorin and an 
agglutinating factor in apple cell suspension cultures inoculated 
with Erwinia amylovora. Abstr. Amer. Phytopath. Soc. Meeting 


#94. p. 103. 


Sanderson, K. E. 1972. The linkage map of Salmonella typhimurium, ed. 
4. Bacteriol. Rev. 36:558-586. 


Seemuller, E. A. and S. V. Beer. 1976. Absence of cell wall polysaccharide 
degradation by Erwinia amylovora. Phytopathology 66:433-436. 


Siulin, T. M. and S. V. Beer. 1976. Evidence that amylovorin and 
Erwinia amylovora infection induce shoot wilt by different mechanisms. 
Abstr. Amer. Phytopath. Soc. Meeting. #263. p. 174. 


Stoff1, P. R., A. L. Karr, and R. N. Goodman. 1976. Biological activities 
of the component fractions of amylovorin. Abstr. Amer. Phytopath. 
Soc. Meeting. #93. p. 102. 


ae 


a 


~~ 


a) 


1 


ei git 3 ot bao pf emerge nf 





~! t _ 
it 
' 
ah 
~ 
. 
} 
® 
ra 
as . 
fT 
- , 
= ‘ 
C 5 we 
7 ‘7 
4 
hes v 
' is 
*& - 7 
- 
nm an <4 > » 
’ Prt J H 
aM Cte Tod 


1" ans . VTS 
-fINGvOlLYME tO anoriosy' 


ae 
aul .@ 


“Q «82 -patgen 











a 
vet? bie eo 









‘ fa 
ie m . 
ebraminosey 


roar Peal - 
‘ Prd | ae Wt iS. 
amine sion 


A bas 


\V 


sal ovolvms shit 
OSVAS . 1S8Mih 

- 
2.3 AAO 
dnane 








03 oft 





79 
TABLE 1. 


SENSITIVITY OF BACTERIAL CULTURES TO DEOXYCHOLATE (DOC), 
NOVOBIOCIN (NOV), AND SODIUM DODECYLSULFATE (SDS) 


SPECIES LDgg (YG/ML) WITH 
NOV DOC SDS 
re a is 
ERWINIA AMYLOVORA E8 ~  >50 400-800 200-500 
EQ >50 250-500 200-500 

EA137 

EA167 

EA178 


ERWINIA HERBICOLA, 
ERWINIA CAROTOVORA, & 


SALMONELLA TYPHIMURIUM >100 >1000 >1000 





Ser AbLoec. 


SENSITIVITY OF PLASMID-BEARING STRAINS OF ERWINIA AMYLOVORA 
(EA178) TO NOVOBIOCIN (NOV), DEOXYCHOLATE (DOC) AND SODIUM 
DODECYL SULFATE (SDS) 


LDag (uG/ML) WITH 


PLASMID Noy noc SDS 
None 15 250-500 40 
F! Lac’ 5-10 i 25 
R100pgp-56 5-10 . 25 
RPI 5-10 sf 25 


E-tac™ 15 "” 4 0 
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TABLE 3. 


EFFECTS OF SODIUM CHLORIDE AND MAGNESIUM CHLORIDE ON THE GROWTH 
AND SPONTANEOUS RELEASE OF ENZYMES IN ERWINIA AMYLOVORA (EA178) 
AT 30C IN TRYPTONE BROTH 


CYCLIC PHOSPHO- 
DIESTERASE ACTIVITY 





SUPPLEMENT . Gees SE NATANT. (2 OF TOTAL) * 
None 92 120 68 

NaC (84MM) 180 60 17 

NaCL (168m!) 160 60 7 

MeCi> (20MM) 151 60 NIL 


* 
GLUCOSE-6-PHOSPHATE DEHYDROGENASE ACTIVITY PRESENT IN CELLS, BUT NOT 
IN SUPERNATANTS 


TABLE 4, 


SENSITIVITY PATTERN OF ERWINIA AMYLOVORA STRAIN EA178 
AND THE MUTANTS DERIVED THEREFROM TO NOV. DOC. AND SDS 


LDgg (uG/ML) WITH 





OTHER 
STRAIN NOV: DOC SDS CHARACTERISTICS 
EA178* 05 250-500 40 Nic. 
AC 416 (DOC®) <25 >1000 <250 DERIVED FROM EA178 
AC 418 (NOV?) >100 500-1000  <250 DERIVED FROM EA178 
AC 419 (SDS) >100 500-1000 +1000 DERIVED FROM EAI78: 
ALSO ARG 





2 
_ EAI78 tsa VIRULENT WILD-TYPE STRAIN 
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TABLE 5, 


SPONTANEOUS RELEASE OF PERIPLASMIC AND CYTOPLASMIC ENZYMES 
BY ERWINIA AMYLOVORA WILD-TYPE AND DRUG AND DETERGENT 
RESISTANT STRAINS IN TRYPTONE BROTH AT 30C 


ACTIVITY PRESENT IN CULTURE SUPERNATANT 
(PER CENT OF TOTAL) 





CYCLIC PHOSPHODIESTERASE GLUCOSE-6-PHOSPHATE 

STRAIN DEHYDROGENASE 
Se emma aaa anette ee ts ee PEL eEenaebeasaaralE 
WILD TYPE ° 
(E8, EQ, FA13/7, % 
EA167, EA169, 55-70 NIL 
EA177, EA178, 
EA198) 
AC 416 (Doc®) 25 NIL 
AC 418 (NOV) 45 NIL 
AC 419 (SDS®) 35 NIL 

TABLE 6. 


VIRULENCE OF ERWINIA AMYLOVORA WILD TYPE STRAIN EA178 
AND THE DRUG- AND DETERGENT-RESISTANT MUTANTS 


REACTION ON PEAR FRUITLETS AFTER 





5 DAYS 
STRAIN | NECROSIS EXUDATE 
EA178 one + 
AC 416 «Doc®) + NONE 
AC 418 (NOV®) + NONE 
AC 419 (sps®) + NONE 





++ = 3-5 MM BROWNING 
+ = ]-2 MM BROWNING 


A te 6g 





ne 


14 
vn | 





ee. 


TABLE 7, 


VIRULENCE OF gau- MUTANTS OF E9 





VIRULENCE 

STRAIN , NECROSIS EXUDATE 
E9 + + 
ES gat-l ++ “ 
ES Gat-2 13 = 
ES GaL-8 . - 
EQ Gar-20 “9 = 
NECROSIS: 

+++ = 7-]0 MM BROWNING IN 5 DAYS 

ark = 2-3 iA a“ a a“ 

be ~ l ‘iad > " “ . ] Pe A “ue 


- = NO NECROSIS 


EXUDATE: 
d= 


COPIOUS OOZE COVERING THE ENTIRE CUT SURFACE 
+ = LOCALIZED OOZE PRODUCTION 


+ = SCATTERED SMALLER GLOBULAR OOZE; PIN-HEAD LIKE 


NO OOZE PRODUCTION 
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TABLE 8, 


VIRULENCE OF gat- MUTANTS OF EA198 


VIRULENCE 
STRAIN NECROSIS EXUDATE 
EA198 +++ + 
EA198 GaL-4 +++ be 
EA198 caL-14 7 + + 
EA198 caL-18 Hee + 


ne renee 


NECROSIS: 
+++ = 7-10 MM BROWNING IN 5 DAYS 
+ = TRACE (<1mm) 


++ = COPIOUS OOZE COVERING THE ENTIRE CUT SURFACE 
= = SCATTERED SMALLER GLOBULAR OOZE:; PIN-HEAD LIKE 


TABLE 9, 


VIRULENCE PHENOTYPES (CLASSES) OF caL~ MUTANTS OF E9 AND EA198 


I, NECROSIS AND OCOZE PRODUCTION LIKE WILD ve 
II]. DecREASED NECROSIS AND OOZE PRODUCTION 
ITI, Decreased NECROSIS AND VERY SLIGHT 00ZE 

IV, DECREASED NECROSIS, NO OOZE 

Y, WILD TYPE NECROSIS. VERY SLIGHT 00ZE 


VI, No NECROSIS, NO OOZE PRODUCTION 
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FIGURE la. Pathways of UDP-qalactose synthesis in enterobacteria. 
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Pertinent Statements Made During the Discussion on Physiology (Part I) 


I venture to guess that E. amylovora has more than one metabolite which 
it produces that causes the complete syndrome of the disease and that the 


polysaccharide is the key to infection. (Goodman) 


Succulent shoots of Cotoneaster pannosa were inoculated with E. amylovora 
7 cm below the apex; even though ooze production was observed after 5 days 
on the inoculated shoots, there was no indication of difference in water 

potential and no wilting occurred; this indicated that his restriction in 
water movement we see with amylovorin did not occur to any great extent in 


the infected tissues. (Sjulin) 


The phenomenon studied in C. pannosa does not appear to be analogous 


with observed results in Malus and Pyrus. (McIntyre) 


The virulent strain of E. amylovora constantly produces the polysaccharide 
but the avirulent strain is unable to produce this polysaccharide that 


is active. (Goodman) 
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eRtochemical Changes and Induced Resistance in the Interaction of 
Pear or Apple with Erwinia Amylovora 
Joseph Kuc, Departmen aloe Plant Pathology, 
University of Kentucky, Lexington, Kentucky 40506 

It has been well established in the literature by the studies of 
Hildebrand, Schroth, Smale, Kuc, Raa, Podstolski and their colleagues 
that both pear and apple contain glycosides which upon hydrolysis and 
oxidation of the liberated aglycone, or direct oxidation of the glyco- 
side, yield fungistatic and bacteriostatic compounds. The glycoside 
arbutin in pear and phloridzin in apple foliage are the major glycosides, 
and after injury or infection resulting in injury, the glycosides are 
decompartmentalized in the cell, hydrolyzed by B-glycosidases and the 
glycosides or their aglycones oxidized by phenoloxidases and peroxidases. 
The production of this antibiotic activity is certainly non-specific 
and is dependent upon injury. Varietal resistance and susceptibility 
to fire blight does not appear to be explained on the basis of B-glyco- 
sidase, peroxidase or phenoloxidase activity or the concentration of 
the glycosides in the tissues. Nevertheless, the antibiotic activity 
these compounds generate cannot be ignored and may function as part 
of a multicomponent mechanism for general disease resistance — perhaps 
a repair mechanism in the tissue. 

Indications are that a degree of specificity exists in the interaction 
of pear or apple cultivars with E. amylovora. The pathogen is largely 
limited to hosts in the Rosaceae. There is a need for a critical concentra- 
tion of inoculum for infection and the mean temperature is important in 


determining symptom development. Stress conditions (wind and hailstorms) 
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often precede severe outbreaks of fire blight, and these stress 
conditions may do more than provide wounds for the penetration of the 
bacterium. Suggestions have been made that the stress affects the 
metabolism of the host to enhance development of a limited and controlled 
population of the pathogen present in the host. 

Recent studies in our laboratory have indicated that an effective 
mechanism for resistance to fire blight can be elicited in tissues without 
implicating glycosides and their hydrolysis and oxidation. The mechanism 
does not principally affect multiplication of the pathogen in the host, 
but rather affects the expression of symptoms. This raises several considerations: 

(1) All varieties of pear and apple have the potential for highly 
effective mechanisms for resistance to fire blight if these 
mechanisms can be activated soon enough and with sufficient 
magnitude. 

(2) E. amylovora can multiply in host tissues without causing 
symptoms; therefore, the two processes may be under different 
metabolic and environmental controls. 

(3) Resistance to fire blight may be determined by at least two 
different mechanisms. One mechanism limiting development of 
the bacterium and the other the expression of symptoms. 

The mechanisms could operate to permit extensive bacterial multiplication 
with limited disease expression or extensive disease expression from limited 
bacterial multiplication. The ability to activate the mechanisms with time 
may explain the restriction of canker development on highly susceptible 
hosts. A discussion of our work on the protection of apple and pear against 


fire blight using bacterial DNA follows. 
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" Protection of Pear Against Fire Blight with 


Deoxyribonucleic Acid from Erwinia Amylovora 


ee. McIntyre, Connecticut Agricultural Experiment Station, 
New Haven, Connecticut. 

Tt Rué, Department of Plant Pathology, University of Kentucky, 
Lexington, Kentucky. 


Protection of ‘Bartlett’ pear and ‘Jonathan' apple against fire = 
blight, incited by E. amylovora, has been reported with avirulent E. 
amylovora, E. herbicola, and Pseudomonas tabaci (1, 2, 4). Recently 
it was demonstrated that cell-free sonicates of avirulent and virulent 
E. amylovora protect against fire blight (2). The sonicates were not 
inhibitory to the pathogen and did not alter its virulence. Further 
investigations (3) demonstrated that DNA from virulent or avirulent 
E. amylovora is the active protectant. 

Sonicates of E. amylovora protected the shoots of young trees, 
etiolated and green germinated seedlings of pear, but protection was 
lost when nucleic acids were precipitated with protamine sulfate. The 
growth of virulent E. amylovora in protected and unprotected etiolated 
seedlings was approximately equal. Nucleic acids purified frem sonicates 
protected, and treatment with DNase but not with RNase destroyed acti- 
vity. The nucleic acids isolated from sonicates were separated into 
two 258 nm absorbing peaks by Linear log sucrose gradients. The two 


peaks were found to be RNA and DNA by treatment of nucleic acid prep- 
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arations with DNase or RNase prior to centrifugation. DNA reisolated 
from the sucrose gradients protected as did DNA isolated by the Marmur 
technique. Protection of etiolated seedlings against fire blight was 
found to depend on DNA concentration and DNA did not affect the growth 
of E. amylovora in vitro. E. amylovora remained virulent when grown 

in culture with DNA from the avirulent bacterium. Melting curves indi- 
cated the DNA had a relatively high molecular weight. Isolated DNA 

from cesium chloride centrifugation also protected against fire blight, 
and apple seedlings were protected by DNA from the virulent and avirulent 
bacterium. 

DNA was infused into seedlings from which the radicle had been 
excised and the seedlings were subsequently often observed to form roots. 
Rooted seedlings were transplanted into vermiculite and soil and kept 
between baking dishes containing wet filter paper. Seedlings maintained 
in this manner for one week were challenged 0.5 cm below the cotyledons. 
Control seedlings showed fire blight symptoms within two days of chal- 
lenge, whereas seedlings protected with DNA showed no symptoms for at 
least one week. This demonstrates the persistence of protection with 
DNA and that protection occurs even at sites removed from the point 
of initial DNA application. 

Lack of protection by DNA from Bartlett pear seedlings, bovine 
serum albumin, RNA from E. amylovora, apoferritin, polypeptides, 
polyanions, polycations, salmon sperm DNA, nitrogen bases, ribose, deoxy- 
ribose, nucleosides and nucleotides indicates that protection is not 
directly related to size or charge. Increased protection by relatively 
usheared DNA (Marmur technique) suggests some relationship between 


native composition:of the DNA and protection. Protection of pear with 
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DNA from virulent E. amylovora suggests that the virulent bacterium 
initiates interactions with the host which are responsible for symptom 
expression before its DNA can protect. Protection requires a time 
period between injection of DNA and challenge. Aside from the possi- 
bilities for the control of fire blight, the work with DNA and protection 
also raises some questions concerning specificity. In protected 

tissue the virulent pathogen multiplies but does not cause disease. E. 
herbicola and avirulent E. amylovora also miltiply in apple and pear, 

do not cause disease, and protect against virulent E. amylovora. 
Specificity in these instances is not dependent solely upon whether 


the bacterium multiplies. 
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' Effect of Erwinia amylovora DNA_on Fire Blight Resistance 
N of Bartlett Pear. 


Harry L. Keil and Edward Civerolo 
Fruit Laboratory, USDA, ARS, Beltsville, Maryland 


DNA extracted from Erwinia amylovora by Kuc and coworkers was used in 
yarious greenhouse studies at Beltsville in an attempt to increase fire 
blight resistance of Bartlett pear. Four tests were conducted as follows: 


1) Injected DNA solution into pear shoots (2'-3') through tip 4s inch from 
apex with hypodermic needle. A total of 1 ml (200 pg/ml) of DNA solution 
was injected into 10 shoots. Challenged 24 hours later with E. amylovora 
(10° cells/ml). Each treatment replicated 10 times. Fourteen days later, 
the number of shoots blighted and the depth of penetration was recorded 

as follows: 


Number shoots Average blight 
Treatment blighted penetration (inches) 
Check 9 wigs 
tris HCl buffer (0.05M) 
ph 7.5 10 8.4 
DNA (200 pg/ml) 9 8.2 


a _c En 


2) Potted Bartlett seedlings 2 feet tall were cut back to 7 inches. Each 
plant had 11-16 leaves remaining on the plant at this time. Roots were 

washed free of soil and then placed in test solution for 24 hours then 
transplanted into 6" pots containing 50% soil plus 50% Jiffy mix (sphagnum 
+ vermiculite). Inoculated the secondary shoots (1''-7") developing from 
the axillary buds with E. amylovora (10° cells/ml) through a hypodermic 
needle. Each treatment was replicated 10 times. The following results 
_ were obtained. 


No. ml Average amount solution No. shoots 
Treatment solution/beaker taken up/plant (ml) blighted 
_ Phosphate buffer 200 28.4 25/27 
DNA buffer 
(10 ug/ml) 200 23.0 16/16 


eee 


3) Bud sticks 6 inches long (%" diameter) were placed with their basal portion 
in the test solution and a rubber hose placed over the opposite end. The 

hose was connected to an air suction system and the test solution pulled 

through the bud sticks. Pulled 10 ml of DNA solution (200 pg/ml) through a 
total of 10 bud sticks. Buds from these scions were grafted into Bartlett 
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pear seedlings. When these buds upevced shoots 2-8 inches long, they 


were inoculated with E. amylovora (109 cells/ml). The following results 
were obtained: 


Treatment No. shoots blighted 
Buffer 9/9 
DNA-buffer (200p¢/m1) 10/10 





4) Bartlett pear whips were cut back to 6 inches and all leaves removed. 
When the axillary buds started to break, apenicillin assay disc (12.7 mm) 
with a small hole in the middle was placed over the tip of the bud. Ten 
drops of test solution was placed on each disc 2 times. Those buds oes 


developed into shoots (2"=-5") were inoculated with E. amylovora (10° cells/ml). 
The following results were obtained: 


No. plants with No. blighted 
Treatment new shoots shoots 
Buffer 4 all 
DNA (10 ng/ml) 1 all 
DNA (100 pg/ml) 2 all 
DNA (200 ug/ml) 5) all 


sissies 


Under conditions of these tests, we conclude that the DNA solution failed to 
induce any degree of fire blight resistance in Bartlett pear plants. 
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y Effect of Leaf pH jon Fire Blight Resistance 
Harry L. Keil 1/ 

In studies at Beltsville, periodic leaf pH readings were made in 
1967 and 1968 on several field-grown pear cultivars and fone apple 
to see whether any significant changes took place during the season and 
how pH could be assimilated into the fire blight syndrome. One gram 
of either old or young leaves was added to 50 ml of demineralized water 
and thoroughly chopped and mixed with a Waring blender. The pH readings 
were made on the resulting leaf-water suspension. Young leaves up to 
three-fourths grown of all seven pear cultivars-Bartlett, Stewart Bartlett, 
Dawn, DeVoe, Kieffer, Magness, and Moonglow-showed a striking increase 
in acidity from April 24 to June 13. On April 24 (full bloom to 
petal fall) all cultivars showed relatively high pH values (5.3-6.0). 
Such values are known to support optimum growth of E. amylovora in 
vitro (1, 2, 3, 4, 5). On subsequent test dates (May 8 and June 13) 
the pH values of young leaves progressively decreased. Young leaves 
of Bartlett and Stewart Bartlett, both highly susceptible cultivars, 
had pH values never below 5.2 at any time during the study, whereas 
Magness, Kieffer, and Moonglow had pH values of 4.6, 4.9 and 4.9, 
respectively, No such increase in acidity was observed in Jonathan 
apple. As pear leaves became older, the pH values appeared to stabilize 
and showed values less acid than young leaves sampled on the same date. 

Based on these results, one may argue that the old leaves support 
growth of the fire blight organism more than young leaves. However, 
this is probably unlikely because other factors, such as morphology and 


phenolic potential, take over as leaves mature. It is therefore 


1/ Fruit Laboratory, USDA, ARS, Beltsville, Maryland 
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suspected that the pH of the sap of pear cultivars may in part affect 
the resistance of susceptible young leaves of a given cultivar. Further 
studies comparing young leaves and their petioles demonstrated that the 
latter always had higher pH values than the former. This appeared to 
correlate with our field observations and greenhouse inoculation studies. 
Studies also indicated lower pH values of leaves and petioles on 
resistant Magness and Moonglow cultivars compared with higher values 
for those on the susceptible Bartlett. Because some of the cultivars 
acted similarly in the field, these data indicate that additional 
studies should be conducted to resolve the effect of sap pH on fire 
blight resistance. 
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Pertinent Statements Made During Discussion on Physiology CPart LL) 


It is possible that entire DNA is broken down into nucleotides and then 
reassembled into plant DNA. However, one experiment makes one stop and 
think of the possible movement of DNA through plants: 
Methods: introduced labelled ("hot") DNA into seedlings with 
reared roots; then put seedlings into water or unlabelled 
("cold") DNA to determine concentration gradient. 
Results: (a) in water - very little change; amount of activity de- 
creased towards shoot tip; very little activity at the tip; no 
change in gradient, and (b) in solution of cold DNA - change of 
gradient and thus movement. 
These results suggest that the cold DNA is displacing the hot DNA. We 
do not know what this means, but it suggests an effect of masking surfaces; 
rather than a genetic or transformation effect it may be a physical effect. 


(Kuc) 


It is easier to cause infection of leaf petioles than leaf blades following 


injury and artificial inoculation in the greenhouse. (Keil) 


Difference in blade and petiole susceptibility appears to be associated 


with the amount of water in the intercellular spaces. (Billing) 


Following two artificial inoculations of 40 cm succulent apple shoots and 
subsequent separation of plant material into 4 susceptibility classes, 


there is no evidence for support of the idea for induced resistance. (Cummins) 
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Chemical Control of Fire Blight in Pear by Means of Tree Trunk Injection 


Harry L. Keil 
USDA - Beltsville, Maryland 


~ 


Pome fruit trees usually are protected from fire blight infection by 
periodic sprays of protective chemicals such as copper or antibiotic. 
However, once the causal bacteria gain entrance into the tree, there is 
little one can do to eradicate the disease. This is especially true of 
certain pear cultivars such as Magness and Seckle where infection tends to 
concentrate as cankers in the trunk and base of large scaffold limbs. 

When this happens, one can almost be certain that the tree will die before 
the end of another growing season. In fact, every one of about forty trees 
observed with trunk cankers died in the same year that infection was detected. 

Preliminary studies at Beltsville indicate that pear trees with trunk 
cankers respond to chemical treatment by means of trunk injection. The 
best treatment in these tests was a new experimental organic chemical 
(MBR-10995) synthesized by the 3M Company. This is the same compound which 
protects apple and pear trees from blight infection at least equally as well 
as streptomycin when applied in periodic foliar sprays. 

Reported here are results obtained in Magness pear trees in their 
‘eleventh leaf after transplanting to the field. The trees were about 15-20 
feet tall with a limb spread of about 15 feet. Trunk diameters measured 8-9 
inches at one foot above ground level. These trees showed large trunk cankers 
extending 2-4: feet into the base of some Ofetie peateaids: At the time of 
treatment, cankers appeared dark with or without oozing. There was no 


evidence of shoot blight in the test trees at any time during the study. 
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Materials and Methods 

Tree number 1 had normal size leaves on 3/4 of the tree and leaves 
1/2 - 3/4 normal size on the remainder with a medium fruit crop on most 
of the tree. All of the foliage appeared light green compared to dark 
green foliage in healthy trees. One dead branch on the southeast side 
was 3 inches in diameter at attachment to the trunk. Trunk canker without 
Pring extended for about 3 feet into the main leader and into the base 
of another lateral branch. Treatment was applied May 13, 1974. 

Tree number 2 had normal size leaves with a medium fruit crop on 
half of the tree and leaves 1/2 normal size with relatively few fruit on 
the remainder of the tree. All foliage appeared light green. A large 
oozing canker was present in the trunk which extended into the base of 
three large limbs. Treatment was applied June 7, 1974. 

Tree number 3 had normal size leaves on 1/4 of the tree. The remainder 
of the tree showed leaves 1/4 to 1/2 normal size with some wilted leaves 
indicating insufficient water to maintain turgor pressure. One large 
limb was dead on the south side of the tree. A trunk canker extended into 
the base of all scaffold limbs. Internal bark at ground level appeared 
brown when examined by cutting into it with a knife. Treatment was 
| applied May 13, 1974. 
| Tree numbers 4, 5, and 6 were similar to those mentioned above but no 
treatment applied. These trees were considered as checks and were all dead 
before the spring of 1975. 

Treed number 1, 2, and 3 were gravity fed with 28 ml (10 grams active 
ingredient) of MBR-10995-3S in 1000 ml distilled water in each of 3 sites 


per tree. Holes 2.5 inches deep, 1/4 inch diameter were drilled in the tree 
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trunk. The three holes were arranged in a spiral around the trunk so that 
any two holes would not be in the same plane. A female plastic quick- 
connector was gently tapped into the hole with a hammer until the flange 
was flush with the bark. A male plastic connector attached to a hose 
leading to a vessel containing the test solution was attached to the 
female connector after the solution started to flow. Usually the test 
solution was taken up by the tree within 1.5-2 hours. 
Results 

In May 1976, two years following injection, 2 of the injected trees 
No. 1 and No. 2) were still living. All the check trees died as well as 
Tree Number 3 which was extensively infected before injection with 
MBR-10995-35. Both of the living trees appeared to be making a slow 
recovery from the serious infection they had contracted 2 years before. 
It is suspected that recovery would have been more rapid if the injection 
treatment had been made before the damage became so extensive. Because these 
results were so unusual and spectacular, one may speculate that this system of 
control might be used as a prophylactic treatment before infection occurs 


and as a substitute for foliar spray applications. 
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Biological Control of Fireblight 
with Bacteria Antagonistic to Erwinia amy Lovora 


Sherman V. Thomson, Milton N. Schroth and W. J. Moller 
Department of Plant Pathology 
University of California 
Berkeley and Davis, California 

Control of fireblight in California is currently based upon the depo- 
Sition of bactericides in flowers. Since infections of pome fruits prin- 
cipally originate in flowers, an analysis of the disease cycle suggested 
that it might be possible to effect a biological control since unopened 
flowers are sterile and can subsequently be colonized by saprophytic 
bacteria which are inhibitory to Erwinia amylovora in vitro. Saprophytic 
bacteria were selected for their ability to inhibit the growth of Erwinia 
amylovora in vitro and to multiply in pear flowers. Ultimately, four 
different bacteria were tested on one orchard in Winters and one orchard 
in Sacramento, California with four replications per treatment and four 
trees per replication. Treatments were made weekly and corresponded with 
applications of fixed copper. Applications did not begin until E. amy Lovora 
was detected in a mass sample of flowers using our monitoring procedures. 

The fixed copper sprays were very effective and controlled 95% and 97% 
of the disease in the Winters and Sacramento orchards respectively. An- 
tagonists 3a and 14 controlled 55% and 53% of the disease respectively in 
the Winters orchard when compared to the check plots. (Table 1) However, 
antagonists 3a and 14 only controlled 1 and 11% of the disease respectively 
in the Sacramento orchard. These results indicate that biological control 


of fireblight with antagonistic bacteria may be possible under some con- 


ditions. 
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However, a successful biological control program will be dependent 
upon finding an organism that can successfully compete with £. anylovora 
under all climatic conditions. In addition, the degree of control must 
compare economically and efficaciously with that of present chemicals or 


it will not be accepted by growers. 


Table 1 
Fireblight Control Tests On Pear Flowers Sprayed 


. With Fixed Copper Sprays or Pre-Inoculated with Antagonistic Bacteria 








Winters 

Treatment Strikes/tree % Control 
fixed copper* les” 95 
antagonist 3aY 10.3 ab 55 
antagonist 14 10.8 ab p £853 
antagonist 21b 14.1 be aie) 
antagonist 3c  OLDC 23 
check Paks Ue 

Sacramento 
fixed copper* 8a 97 
antagonist 21b 20.8 b a7 
antagonist 3c 2h. 000G 16 
antagonist 14 29 FIMDE 11 
antagonist 3a 5205 G 1 
check 52.6 °C 


X = six applications of Kocide at 56 Kg/ha approximately every 4 days 
beginning April 2. 7 

applications of antagonistic bacteria (10 cells/ml) sprayed to run- 
off on the same days as application of Kocide. _ 

values followed by different letters are significantly different at 
the 53 level as determined by Duncan's multiple range test 
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Fire Blight Control in California in the 1970's 3 w 
W. J. Moller, M. N. Schroth, S. V. Thomson 
Departments of Plant Pathology 


University of California, Davis and Berkeley 


At the beginning of this decade it was common springtime 
practice in California Bartlett pear districts to begin regular 3- 
5 day spray and dust treatments at 5% bloom, and to continue for 2 
months or more. This heavy reliance on chemical control of blossom 
blight has been necessary since mild winter temperatures encourage 
prolonged pear bloom and flowers continue to appear well into the 
growing season, but it could mean as many as 15-20 treatments. 
Streptomycin and copper formulations were the predominant bacteri- 
cides, although the former was favored because of its lack of 
phytotoxicity and subsequent enhancement of fruit quality. Copper 
materials, even at low concentrations, damage the lenticels of 
young fruit. 


Following a major epidemic in 1970 and surveys which suggested 
that effective blossom blight control had been achieved by frequent 
applications of relatively low rates of streptomycin (60-240 ppm), 
use of streptomycin was intensified in California. Not surprisingly, 
a serious problem became apparent during the 1971 season; severe 
blight developed in Sacramento Valley orchards where growers had 
followed a thorough streptomycin program. The predominant strains 
were highly resistant to streptomycin and continued to be so in 
succeeding seasons despite a reversion to copper treatments; this 
added a new dimension to blight control studies and underlined the 
need for an integrated approach to control. 


Until E. amylovora monitoring techniques were developed, a 
void remained in information relating inoculum levels of the 
pathogen to temperature regimes and infection. Once it had been 
established that in most years under California conditions the 
pathogen first appeared in healthy blossoms as an epiphyte prior 
to disease development, the way was open to successful prediction 
plus more timely and economic use of the bactericides. 


Thorough field testing and refinement of the selective medium 
over the past few years have demonstrated its value in monitoring 
fire blight potential. Pest management consultants have availed 
themselves of the new technique, and many growers, using monitored 
data as they became available each season, have altered their 
blight control programs, frequently to considerable economic 
advantage. Some growers have been using 5-6 treatments in place 
of the previous 15-20! Conservatively extrapolating across the 
40,000 acres of bearing pears in California, it is estimated that 
the average grower has been able to eliminate 3 treatments in each 
of the last 2 years for a total state savings approximating $500,000/ 


season. 


References: 


Schroth, M. N., W. J. Moller, S. V. Thomson, and D. C. Hildebrand. 
1974. Epidemiology and control of fireblight. Annu. Rev. 
Phytopathol. 12:389-412. 


Moller, W. J., S. V. Thomson, and M. N. Schroth. 1976. Fighting 
fireblight. Western Fruit Grower 96(1):.'15-16. 
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| CONTROL OF SHOOT BLIGHT OF PEAR USING STREPTOMYCIN 


EOS EN 


W. GORDON \BoNN 2, 


Fire blight is a problem that has beset Ontario growers for many 
years. Occasionally the disease reaches epiphytotic levels. 

The losses are not only short term as in the case of fruiting wood 
but long term when the disease runs down into the scaffold limbs 
and the trunk of the tree. 


Growers have managed to escape disease by maintaining their trees 
in a state of low nutrition through a program of reduced fertil- 
ization, however they have learned to live with the resulting low 
yields that such trees provide. The alternative system would be 
to fertilize the trees to provide good returns and undertake 
disease control measures for fire blight. One such measure is 
the use of streptomycin. 


Tne spray calendar recommendation for fire blight control in Ontario 
is based on that adopted for fruit trees in New York and Michigan 
where blossom blight is much more prevalent. However, in this 

area, blossom blight is rarely seen and twig blight is the predom- 
inant form of fire blight. The limited data on the efficacy of 
streptomycin for control of twig blight warranted further research 
into this problem. 


Plots sprayed with 100 ppm streptomycin following periods of 
windy, wet and warm weather from bloom through 30 days before 
harvest and unsprayed check plots were assessed for blossom and 
twig elas throughout the summer months in a commercial pear 
orchard. 


Blossom blight was not observed in any of the three years in which 
the investigation was conducted. Twig blight, on the other hand, 
was present and the data indicated that significant control was 
achieved using streptomycin on an extended spray schedule (Table 1). 
Cost of this control is quite expensive but with elimination of 
blossom sprays because of the absence of blossom blight the cost 
would be more reasonable for the grower wishing to increase pear 
production without increasing fire blight incidence. 


1) Research Scientist, Research Branch, Agriculture Canada, 
Harrow, Ontario, NOR 1G0 
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TABLE 1. EFFECT OF FOLIAR APPLICATION OF STREPTOMYCIN 
ON FIRE BLIGHT SEVERITY IN PEAR TREES 





, Strikes® 
Treatment 1974 1975 1976 
Control (not sprayed) 600 822 114 


Streptomycin (100 ppm) 111 38** | Oe 





“Values are based on four replicates of five trees 
each. : 


basterisks ** indicate that streptomycin treat- 
ments are different from their respective controls 
at P = 0.01. 
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? CURATIVE EFFECTS OF TETRACYCLINE ON APPLE FIRE BLIGHT 


M. Abdel-Rahman and S. V. Beer 
Agway, Inc., Syracuse, NY. and Cornell 
University, Ithaca, NY 


An experiment was conducted at the Agway Farm Research Center at Fabius, 
New York, to evaluate the value of trunk injection with Tetracycline in curing 
apple trees infected with fire blight. Apple trees of the cultivars 
‘Spartan’ and 'McIntosh' had been infected with the disease as a result of 
artificial inoculation during bloom with Erwinia amylovora. 


On July 1, 1976, four trees were injected with 1,2 or 3 ml of a slurry 
containing either 0.5 g/ml of Tetracycline or 0.5 g of Tetracycline plus 0.25 
g of Benlate 50W/ml. Injections were made by drilling one or two 1/4" and 
11/2" holes in the tree at 45°, pipetting the chemical slurry, closing the 
hole with a wooden plug then treating the cut surface with tree wound paint. 
Visible cankers in infected branches were marked with white paint at the time 
of injection and the advance of infection was evaluated one month after 
treatment. j 


Results indicated that injections with Tetracycline were effective in 
retarding the advance of fire blight in the infected shoots and provided ~ 
partial cure of infected trees. Treatment with 1 and 1.5 g/tree were more 
effective than treatment with 0.5 g/tree. 


The progress of shoot infection of fire blight was inhibited by Tetra- 
cycline treatments and such inhibition was correlated with the dose of 
Tetracycline/tree. Slight phytotoxicity symptoms in the form of terminal 
leaf chlorosis appeared on the treated trees. Such symptoms were more pro- 
nounced on the 1 g and 1.5 g/tree treatments and on branches with heavy fruit 
load; however, most of the phytotoxicity symptoms disappeared later in the 
season. 


Table 1. Effect of injection with Tetracycline on fire blight infection on 
apple trees. (1) 


Injection Treatment Phyto. Infection progress in cm Curative 
and Rate in mg/tree Index (2) Spur__ (3) Terminal Index (4) 
Check (No Injection) 0 8.7 a 13.5 a 0 
Tetracycline 500 ] [seh Ve SsamrD 3 
Tetracycline 1000 ‘a 0 G eh te 4 
Tetracycline 1500 Bt 0 Cc pee) te 5 
Check (Benlate Alone) 0 9.3 a 16.9 a 0 
Tetracycline 500 + B O85 Zaleeo 4t5 eb 2 
Tetracycline 1000 + B ‘pas! AIT 2 (st bong) 4 
Tetracycline 1500 + B Zo 0 d Sites Bas 5 





(1) Mean of 8 infections/treatment. 


(2) Phytotoxicity was evaluated based on 0-5 index, where 0 = no symptoms and 
5 = severe leaf chlorosis. 
(3) a. Infection progress in the term of the length of canker advancement as a 
result of either spur or terminal shoot infection since injection time. 
b. Means within each column and within each group with the same significant 
letter are not significantly different, at the 5% level of Duncan's 
Muliple Range Test. - 
(4) Curative values are based on an index of 0-5, where 0 = no cure and 5 = 
complete and speedy recovery from fire blight advancement in the shoot. 


a =e | “ae! Ss ae 


moc’ .¥ .2 Gre nila ; 
Tanta. bing iy Saag nt lik 


YW ,exsdtt vs tenwuin 






































rayne) Hansen) frei Yowok ang oe G8Foutinds 260 nae! Y99RD 0 on 
anil ovoewzeT iin noftiwtat ani Folseha aid seaulave of, a 
dsevir tie 1m 295 age .TADP Te eekd ftw bedogtal eb a 
29% 6 ee Saagehh ott thw BafoesRP deed Gael Waasat ont big pee 
ie Stirwis Adew heel” onfsuh norielusont Ia i 


im” 7p Sf aviv be sosinr gyaw geevt quer eo) se ef vit 9 
q a lavoettst * c.U 10 SA PoygergsT Pou la\e 2.0 0 wists ont 
ais “PAT Owl xo suo oAti tab 40 Sham Siaw 2Mgitoatel J fe\WOd sdafas 
5 mrzafs «wile Thotmets, alt eetizegiq <"8h fe each eat nt 2sfod ™§ 
nvOw eovs Atiw Sontue Pus ord cniteany naidy Gif. feboow 6 (3 Pw 
hh imiga Sttitw wehy rye soe 28Toanéyd Ustaain ny 2vsinss oft 
Aono ano Hatéuleye Few noltsetanl to sonavbs or) bas ors afi N 
Tt ome 
violate stow ont Poyzantey Atiw enbirashyh Bede bed eshhat z2iTuz 251 
Shi void On eloone bespeint sky at gap (d 21? Yo gonavba oid pnlbe 
9213\p 2.7 bas If tlw teéaieerT 290) betostat Yo aya f st; 
' ,s27Pip 2.0 dvi PAs G87 neil? avid 
_ a 
isi vd betidhial ee Ffaohl if? Fe rare ag?nt soode to 22970010 SAT: 
vb ed ia0y sey AD iitdidet dour bow. 23cenisend game 
OF eras aye gil oteatotydg sfett2 .asi2\eat lf St 
yn 1 20O7QGN2 Move ,~eset? Dadeeny ad? no bayssags z2tzovoldg 3 
. . Onn YS HG ONG Zinsnteets seus \p 2 bie p | edd ne Dt OF 
‘ie. : 7 


f 
Af wate! ber esdceeth einosanive Vitataoto2 wig sity to s20m tale 


a ct 


norjIwint tipttd owt? qo ent foyseveeT Wet hoisostnt Yo Jos?t 
. (1) .2ee1% sfegs 




















Nidew) 66m al eevTgo1 HOldoeTE OFVAG insa ig nora: iF 

b) abit Lecimust (é) ue (5) ssbnl_ =—-_gavt\pm nt station 
r & 2.Ef 6 X.8 0 rover on) ian 
3 d 8.2 qd &,f f OOg arf loy 618 
. > £2 5 8) $ COO! ertloysaty: 

» $a > ¥ ae 0021 ant louse, 

0 6 @.aT £2 6 (seofA puree 
$ cd 2h 6° #S 40 & + 002 snifoy 
: d Th 3° Qf é.1 § + GOO! antis 
e d Be b Og a3$ § + Goa! sntfays 





| ingntinera\enotraayar > NB 
one emozgmy2 on = 0 sigiW: «xabay ellie sete detent ihe 
eigen, a 


& 26 Jnsmsoisyhs yeyne5 to ii. od = 
-30f9 sal zostat sonte. noes fs : iia vin 

: ambled AG aeae “ott. At bw « wry Noes Oh t) afi eg A 
; 2 nEdinud hy (SVS) ke het Th lane: nghe ; an 


: th iv 
» D S a 





: 
, " , 


—_ neither a ¢ 






ame - nt ni oa 


‘ 


- 


 GLYODIN IMPROVES STREPTOMYCIN CONTROL OF 106 
FIRE BLIGHT BLOSSOM INFECTION « 


Steven V. Beer and Mohamed Abdel-Rahman 
Cornell University, Ithaca, NY 14853 
Agway Inc., Syracuse, NY 13201 


Glyodin Solution (30% 2-heptadecy1-2-imidazoline acetate in 2-propanol) 
is a protective fungicide registered for the control of apple and pear 

scab, "summer diseases" of apple and several other tree-fruit diseases. 

The preparation has good surfactant properties. Earlier work in Missouri 
indicated that it is compatible with streptomycin and increases streptomycin 
absorption on treated trees. 


Agri-Strep ‘®) was evaluated at two concentrations with and without 
Glyodin Solution in the Agway Research Orchard near Fabius, NY. Each 
material was applied to a block of four 6-year-old Malus pumila trees 
(two cv. McIntosh, two cv. Spartan) in different tree rows. Materials were 
applied to run-off with a handgun at 400 psi at 50% bloom (10 May 1976) 
and at full bloom (12 May 1976). 


To encourage development of disease, blossom clusters were inoculated | 
with a potassium phosphate buffered suspension of Erwinia amylovora containing 
1 x 107 viable cells/ml on 11 May 1976 during a rainstorm of moderate 
intensity. Erwinia amylovora had been grown in liquid shake culture prior 
to freezing in pasteurized non-fat dry milk. Inoculum was applied with a 
cone-jet tipped wand to runoff at 30-40 psi. 


All blossom or fruit clusters were examined one month after inoculation 
to determine the percent infected by fire blight. The results are presented 
in Table 1. There were no significant differences in the control of fire 
blight with streptomycin applied at the higher (100 ppm) rate with or without 
Glyodin Solution or with the lower rate with Glyodin Solution. However, 
control was significantly poorer at the lower (50 ppm) rate of streptomycin 
alone. When Glyodin Solution was added to Agri-Strep at the lower rate, 
control improved to the same level achieved with the higher rate. Use of 
Glyodin Solution with Agri-Strep during bloom should be considered 
because of its effectiveness as an adjuvant with streptomycin and its 
fungicidal properties. 


Table 1. Control of fire blight blossom infection 


Percent 1 Percent 
Material Rate/100 gallons Clusters Infected Disease Control 
Agr i-Strep 0.5 pound (100 ppm) 0.6 a 97.6 
Agri-Strep plus 0.5 pound (100 ppm) 12372 95.0 

Glyodin Sol'n 1 pint 
Agri-Strep 0.25 pound (50 ppm) PS 73.4 
Agri-Strep plus 0.25 pound (50 ppm) loa 93.4 
Glyodin Sol'n 1 pint 
Water --- 20. Dao pape 
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lbercent infected cluster data followed by the same letter do not differ 
significantly (P = 0.01). 
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RECENT RESEARCH ON AND CURRENT 
RECOMMENDATIONS FOR FIRE BLIGHT CONTROL IN NEW YORK 


Steven V. Beer 
Department of Plant Pathology 
Cornell University 
Ithaca, N.Y. 14853 


Control of fire blight is difficult in New York because of the sporadic 
nature of the disease. Growers are often hesitant to implement costly control 
recommendations because they have little assurance that the disease will cause 
severe losses in any given orchard or season. The same uncertainty of disease 
occurrence and severity that plagues the grower, also affects the scientist 
who endeavors to develop and test improved control measures. The success 
rate of test plots in commercial orchards has been disappointing; approximately 
five out of six plots fail for lack of sufficient disease development to permit 
evaluation of test treatments. 


As a consequence of a severe fire blight epiphytotic on apple in Western 
New York in 1972, increased research efforts on fire blight control were 
supported by the College administration. To improve the efficiency of control 
testing, a young apple orchard was leased from a private grower in Wayne county 
for the sole purpose of conducting research on fire blight epidemiology and 
control. The lease provided for routine maintenance of the orchard by the 
grower with the understanding that trees were likely to be killed or rendered 


| permanently commercially unproductive. Techniques for the reliable production 


_of blossom infection were developed, involving artificial inoculation with 
Erwinia amylovora), that ensure the development of sufficient infection to 


~~ 


evaluate control measures [Phytopathology 64:478 (1974) and Fungicide and 
Nematicide Techniques (Submitted, August, 1976)]. 


Spray materials that had been recommended in New York, those recommended 
in other areas, and experimental compounds have been evaluated during the 
past four growing seasons. Tests designed to indicate the best scheduling and 
methods of application of effective spray materials were carried out to improve 
recommendations to growers. The result of these tests are summarized briefly 
below. 


1. Properly timed streptomycin sprays are very effective in reducing the 
occurrence of blossom blight. 


2. Use of adjuvants (glycerin, Regulaid, or Glyodin Solution) in combination 
with the Agri-Strep formulation of streptomycin. increases the efficacy of 
the antibiotic [Fungicide and Nematicide Tests - Results of 1974, 30:10 
(1975); Plant Dis. Rep. 60:541 (1976)]. 


3. The performance of "fixed" and "liquid" coppers on apple in New York has 
been disappointing (relative to streptomycin) based on both efficacy and 
phytotoxicity [Fungicide and Nematicide Tests - RESUULS1O hl o/35mco 50 
(1974); Fungicide and Nematicide Tests - Results of 1975, 31:14 (1976) ]. 


4. Streptomycin was less effective when applied in 25 gallons of water per 
acre than when the same amount was applied in greater water volumes. 
Addition of an adjuvant increased apparent degree OnecONtrOlmdbatne sco 
gallons per acre rate [Plant Dis. Rep. 60:541 (1976)]. 
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5. The most promising experimental material evaluated was produced by the 3-M 
Company (MBR-10995). It compared favorably with streptomycin [Fungicide 
and Nematicide Tests - Results of 1974. 30:10 (1975)]. 


An integrated program of fire blight control is recommended in New York 
that is based on both past and recent research. ["Fire blight - its nature and 
eoncrol . (N.¥.9. Coll. Agri. and Life Sci., IB #100, 16p., 1976)]: Current 
Spray recommendations are discussed in the College's annual "Tree - Fruit Production 
Recommendations for Commercial Growers". 


Control recommendations are aimed at reducing disease severity by three 
means, reduction of inoculum, reduction of host susceptibility and preventing 
host and pathogen from interacting. a 

Inoculum reduction is to be achieved by removal of overwintering cankers 
from the orchard and its vicinity, removal of early-season blossom infection 
("patrolling") and by early-season sprays of Bordeaux mixture plus oil. 


Reduction of host susecptibility is to be achieved by selection of orchard 
sites not conducive to severe blight development (well-drained, non-acid soils), 
selection of scion and rootstock cultivars that are less-susceptible to severe 
fire blight damage, soil management practices (lime and nutrient application) 
that result in the growth of less-susceptible host trees, and pruning practices 
that remove unnecessary tree structures (trunk spurs, root and water sprouts) 
that if infected may lead to severe tree damage. 


The interaction of pathogen and host is prevented directly by application 
of materials that inhibit the pathogen and indirectly by control of insect vectors. 
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Pertinent Statements Made During Discussion on Control 


Several organisms antagonistic to Erwinia amylovora have been isolated 
from orchard soils. They have been reisolated from flowers Sprayed with 


these organisms and they spread from sprayed to unsprayed flowers. (Thomson) 


Based on observations of blight development in Ontario, rattail blooms 


do not seem to be more susceptible than shoots. (Bonn) 


A new experimental organic compound developed by the Dupont Company shows 


promise in control of E. amylovora, E. cavatovora and Xanthomonas vesicatoria. 


(Davidson) 


"Teneyck" control of fire blight in Wisconsin consists of periodic burning 


out of any visible blight with a propane torch. (Wade) 


When E. amylovora is not monitored, it is probably advisable to apply 
streptomycin sprays during the bloom period and possibly just before bloom 
in order to build up antibiotic titre in the plants to keep down the number 


of E. amylovora bacteria. (Goodman) 


Streptomycin-resistant E. amylovora was originally (early 1970's) observed 
in 5-6 orchards in California; today it is known in 5 counties of this 


state. (Moller) 


Because oxytetracycline (terramycin) has shown considerable promise in 
controlling strep-resistant E. amylovora in California, attempt is being 
made to have this material registered for use only in the western states 


by spring 1977. (Carroll) 
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Terramycin has to be used at much higher concentrations than 
streptomycin to give comparable control of strep-susceptible E. 
amylovora under Maryland conditions; therefore, it would not be used 


even if it was registered. (Keil) 


Control of rattail bloom is extremely important in the overall control 
of fire blight. If it could be-prevented following normal fruit set, 


fire blight control could be simplified. (Beer, Moller) 
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' Current Status_and Epvidemiology of Fireblight, in Poland, 


Denmark and Germany ; by W. Zeller 
7 ibe 


After the first occurrence of fireblight (Erwinia amylovora) “ 
in Europe in the United Kingdom in 1957 until now the disease 
spread to the following countries: Netherlands (1966), Poland 
(1966), Denmark (1968), Fed. Rep. of Germany (1971), Belgium 
(1972), France (1972), German Democratic Republic ( fell pe 
The bacteriosis as yet is limited to the northern regions of 
thescontinent but it“seems’ to spread further to the south. A 
survey of the current status of distribution in Poland, Den- 
mark und Germany shall be given here. 


BObenC.ATCeLaltLed account of the firebdlight situation in Poland 
NWoome vere Dy BURKOWLCZ in 1972. According to him the first ouc— 
break of fireblight was detected in the summer of 1966, in the 
‘experimental orchard of the Research Institute of Pomology at 
Milibadz, about 16 miles south of the main sea port Gdansk. 
Initially symptoms were only found in one block of 8 year old 
pears with 22 varieties. By the end of September, over 50 % 

of the trees had been completely destroyed. The varieties most 
affected were Bartlett, Conference, Covert, Princesse Marianne, 
Countess de Paris and Beurre Bosc. At the end of the summer, 
fireblight was also observed on eight - year - old apple trees 
growing near the infected pears. Some trees were completely 


destroyed. 


According to BURKOWICZ the reasons for the extremely severe 
fireblight outbreak were as follows: Sordid 
Severely pruning measures because ofifrost damage, heavily steri- 
lising, unusually warm summer combined with the high humidity 


characteristic for this area. 


In the summerof 1968 a mild case of fireblight was observed on 
eusingtespear tree in a pear collection at SKIERNIEWICE (Central 
Poland). The tree had been propagated in the spring of 1968 
Wiuneenar ts Of the cultivar Conference, obtained from the United 
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A further outbreak of the disease was discovered at the end of 
September on young old apple-trees in a nursery at Dworek, 4 km 
from the seashore. The disease symptoms were limited to a few 
apple-trees and some old hawthorn bushes in a hedge. The last 
report of fireblight has been in September 1971 from two pear 


orchards, lacated 40 km south of Gdansk. Only 7 trees were 
attacked. 


Since that time no further outbreak of the disease could be 
discovered probably as a result of intensive eradication pro- 
cedures. All pear blocks and apple-tree blocks containing 

even a single infected tree, the hawthorn hedgesand the entire 
nursery were uprooted and burnt. All wild pear and apple-trees, 
hawthorn and mountain ashs growing within a half mile radius 

of the infected orchards were also grubbed up and burnt. For 
example in 1966\more than 5000 trees were destroyed. According 
to SOBISZEWSKI from the Research Institute of Pomology in 
Skierniewice nowadays every year were carried off two inspec- 
cLOns LOL fireblight control in pear and apple orchards: 

one in the spring and second in autumn. A special attention 

is put out on the north of Poland and seacoast, but’ fireblight _ 
was not discovered. 


Denmark: The first outbreak of fireblight was “detected in late 
August 1968 on the northern portion of the Baltic Sea island 
of Falster. The disease was found on several pear and apple 
varieties, a single bush of Coteneaster watereri and many haw- 
thorn. Despite of intensive eradication procedure in this area 
Pirepiitent recurred in 1969 after the beginning of August in 
80 different locations on the northern portions of the island 
of Falster and Lolland, as well as om the smaller islands 

of Femd, Fejg and Askg, located between the two larger islands. 
At the end of the year 1969 in 288 locations predominantly 

in hawthorn hedges surrounding the orchards fireblight could 
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In the next year 1970 a small attack was found on the island 
Langeland and severe infections in an orchard. on Sealand. 
According to JACOBSEN in early August 1971 the situation in 
Denmark totally changed. At that time severe and widespread 
atcacks were found in the western part of South Jutland right _ 
north of the Danish-German frontier. The area is typical agri- 
Simuuralecountry without orchards, so the infections were nearly 
solely on hawthorn, in these areas extensively grown as wind- 
breaks around farms and fields. 


These discoveries had the effect that the Danish Ministry of 

Agriculture decided that it could no longer pay the expenses 

of the eradication program and so the destruction of infected 
host plants was immediately stopped. 


Since that time the disease could be considered as established 
in Denmark and the destruction of infected host plants was 
ordered or only recommended where special economic interests 
were involved, for example fruit growing and nursery production. 


With the exception of 1972, where on the island Funen 2 new 

focus was detected, until 1975, no real spread of fireblight 

was found. A further spreading took place in 1975. According 

to JG@RGENSEN the infected area in the southwestern part of 
Jutland has moved about 10 km towards the east. 


A new infection aera has been established in the southeastern 
part of Jutland (east of the town Haderslev); a single occur- 
rence of the disease was found near Odense (the island of 
"Funen) end a few findings in the Copenhagen area, both west and 
north of the town. 

According to the 94°) annual Report of the Danish Goverment 


Plant Protection Service for the year 1975 the geographical 
distribution of new cases of fireblight was as follows: 


Western Jutland % localities 
Southern " 49 r 
Funen | 10 c 


Zealand 20 i 
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These findings were made on the following host vlants: 
Cotoneaster cornubia, C. salicifolius floccosus, C. watereri 
"Brandkjaer", Crataegus monogyna and oxyacantha, Pyracantha 
coccinea,Pyrus malus and Stranvaesia davidiana. 


J@RGENSEN means that it is remarkable that until now hawthorn 
appeared as the main host plant, but from now on also Cotone- _ 
aster species seem to become important host plants. Especially 
C. salifolius floccosus and C. watereri have been dominating 
in the new findings on Zealand. 


pedwenep. of Germany: Nearly at the same’ time in 1971, when 
fireblight has:been occured in Jutland the first outbreak 

was detected in the northern part of Schleswig-Holstein between 
the North-Sea island Sylt and the peninsula Hiderstedt. The 
Hisesse.lappeared on more than 40 locations especially on hew-_ 
thorn. Drastic eradication measures were ‘immediately, under- 
taken. According to MEYER from Plant Protection Service nearly 
11000 plants, mostly hawthorn bushes were removed from the 
infected area and burned. — | 


Despite of this extensive eradication campain:the disease 
occurred in the next year 1972 and Spread to the south and ‘east, 
so that new fireblight locations could be found in the follo- 
wing, federal country of Niedersachsen at the north-eastern 
sea coast. In order to prevent the spread of the diesease 
further 19000 plants have been destroyed. During 1973 and 1974 
only a weak course of infection happened perhaps because of 
dry spring and summer in these years.Since that time in the 
“contaminated /zone of Schleswig-Holstein a general destruction 
of infected host plants could not be carried out, because the 
goverment could not pay longer the high expenses. So only 
around nurseries host plants, mostly hawthorn hedges in a 
radius of 3 km,were eradicated to prevent the possibility of 


~ 


spreading. 


As like as in Denmark a further spread of the disease took 
place in 1975. Thei bacterosis moved from the sea coast of 
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Niedersachsen about 100 km towards the west to the area of 
Oldenburg, where first cases of fireblight were found in 
parks and nurseries. Further findings were made in the 


area of the sea-ports Hamburg and Bremen. 


The attacked host-plants in 1975 were mainly Cotoneaster 


with the variety C. salicifolius floccosus. 


German Democratic Republic: A single occurrence of fire- 


blight was found in the north of the Republic near the Baltic 


Sea coast. The focus was reportedly totally eradicated. 
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EPIDEMIOLOGY AND CURRENT STATUS OF FIRE BLIGHT. 


IN THE NETHERLANDS, BELGIUM AND FRANCE (0J/ 


by C.A.R. Meijneke 
Plant Protection Service 
Wageningen, The Netherlands. 


The Netherlands 


The epidemiology and the current status of fire blight in the Netherlands 
up to the summer of 1974 have been previously described (lit. 1). Up to 
that time the situation appeared to be under control thanks to eradication 
actions. Infection was limited to two relatively small foci, one in the 
south western part of the country and the other in the north western part. 
It was mainly found in hawthorns, much less in Cotoneaster (mostly in 

C. salicifolia and C. watereri and their cultivars) and only sporadically 
in Sorbus (aria) and pears (Pyrus communis). 


In the second half of September that year, however, three new foci were 
discovered in different parts of the country. All three new foci, which 
had no apparent connection with the two old ones, were distinctly 
Cotoneaster-foci. How the inoculum arrived in these new foci is unclear. 
Most likely several infected bushes had been present in each of these foci 
which produced inoculum that was later spread by the summerstorms of July 
and August 1974. Storms in that time of the year occur seldon. 


Surveying and eradication actions were carried out during 1974 and the 
first half of 1975. Infection then appeared to be restricted to the five 
foci known at the end of 1974. However, by the end of July 1975 this 
picture began to change. During August that year it became quite clear 
that fire blight had spread over other parts of the country, although in 
several areas still no infection was found. Infection was found to occur 
mainly in Cotoneaster (mostly via blossom infection), much less in hawthorns 
and only incidentally in Stranvaesia, Pyracantha, pears (Pyrus communis) 
‘and Sorbus. 

Nearly all infected and suspected bushes and trees were destroyed under 
legal enforcement. Infections were also found in a number of nurseries. In 
these cases all plants of the infected species or cultivar were destroyed. 





The situation in 1976 is so far not very encouraging. Outside nurseries 
many infected bushes have been found, spread over the country, but these 
appear mainly to be restricted to the two very susceptible and sensitive 
Cotoneaster species salicifolia and watereri. Also in several nurseries 
Some infection has been found although much less than in 1975. Again i bi by 
plants of the infected species or cultivar grown in these nurseries have 
been destroyed immediately. Furthermore the culture of the susceptible 
species mentioned and their cultivars is to be forbidden in the main 
Dutch nursery-centre as per PANUaATY ets el hs 

iPienting out of these species in ae and villages is now discouraged. 
Planting of these species as well as of C. dammeri, Crataegus monogyna. 

and Cr. oxyacantha, Pyrus communis and P. salicifolia, Sorbus aria and 
Stranvaesia davidiana is discouraged in the direct vicinity of vital 
industries (orchards and nurseries which grow hostplants). 
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The spraying of streptomycine has so far been forbidden in tis 
country. However, it has recently been made possible to use this 
compound for special purposes (nuclear stock field, multiplication 
plots of virusfree material, researchstations and during the current 
season in those nurseries where an infection has been confirmed in 
the nursery concerned or in the immediate Vicinity). 


Belgium and France 


Fire blight was first discovered in Belgium in the south western part 
towards the end of 1972 in hawthorns (lit. 2). This focus extended into the 
north western part of France, where infection was found previously 

during 1972. Here too infection occurred only in hawthorns (lit. 3) 


In both countries eradication actions were started immediately. In 
France the eradication was already carried out in 1972 by removing 
all diseased and many of the other hawthornshrubs. Here the good luck 
existed that infection was only present in a meadow-region with 
scattered hawthorns. Since 1972 no infection has been found in France. 


Eradication in Belgium was more difficult because of several reasons. 
The lands@ape where the action had to be carried out was more complex 
of structure. Technically it was tried to burn down the diseased 
hawthorns with the help of flame throwers, which did not succeed. 
Nevertheless they were successfull in almost completely eradicating 
this infection towards the end of 1973. Only a small spread has taken 
place in 1976 in this region and in an area close to the Dutch border. 
Mainly Crataegus and Cotoneaster have been infected as well as a few 
pear trees. Eradication actions are being continued. The cultivation 
of 5 of the most susceptible and sensitive species of Cotoneaster has 
been forbidden in all Belgian nurseries since the first of May 1976. 
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' FIREBLIGHT IN ENGLAND 


Eve Billing 
East Mailing Research Station, 
Maidstone, Kent, ENGLAND 


Fireblight was first found in England in 1957 in pear orchards and by 
1960 it was realised that eradication was impossible. Infected hawthorns 
were first found in 1959 and in 1960 many ornamental hosts (eg. Sorbus spp., 
Cotoneaster spp. Pyracanthus spp.) were severely infected as well as pears 
and hawthorns. In apple orchards, in spite of their proximity to infected 
pears and hawthorn hedges, no infections were confirmed until 1967. Since 
1960 the amount of infection in different hosts in different seasons has 
fluctuated widely. 





In pear orchards, worst infections have been seen on trees carrying 
‘summer blossom (including rat tail bloom). Only in one year (1968) has 
severe spring blossom blight been seen and that was largely confined to a 
single cultivar in one orchard. Shoot tip infections have rarely been seen 
and-in my own limited experience, only ~in-association with -blossom infections. 
In some years (1957, 1966 and 1967) out of season blossom was common on some 
pear cultivars and fireblight in pear was severe in those years. One highly 
susceptible cultivar (Laxton's Superb) commonly produced blossom throughout 
the growing season and was the pear most commonly infected. 


Severe infection on hawthorns has varied widely from season to season. 
Shoot tip infections are commonly seen alongside blossom infections but rarely 
during the remainder of the growing season except following storms. Shoot 
growth. occurs prior to bloom on this host and shoot infections sometimes 
precede blossom infections. , 


Information on infections on ornamentals tends to be sporadic; there may 
be many infections in private gardens which go unreported. There is no suggestion 
that the disease has been as widespread and severe and in such a wide range of 
hosts in streets, parks and gardens as it was jn 1960 (mostly in the southeast 
suburbs of London and in the Southernd area). 


Infections in apple orchards have been almost entirely confined to the 
years 1967 and 1969. In 1967, blossom infection was common in one late flower- 
ing cultivar (Crawley Beauty) in a single orchard and sporadic infections were 
seen in another on an earlier flowering cultivar (Charles Ross). On the former 
there was good evidence that infection was present on the trees in 1966 (Lelliott, 
1968). In another orchard about 80 miles to the north, shoot infection was seen 
in late August-on young trees of cv. Egremont Russett and on mature trees of 
cy. Miller's Seedling. In the same orchard the following year (1968), there was 
widespread shoot in the same cultivars and occasional strikes in others follow- 
ing a severe wind/rain storm in early July. The source of infection in both 
years was undoubtedly infected hawthorns. By coincidence, in 1969, there was 
again a severe storm in early July and this time apple shoot infections were 
seen over a wide area of southeast England. In nearly every case there were 
infected hawthorns in the vicinity and the evidence left little doubt about 
wind/rain dissemination of inoculum from infected hawthorns to wind damaged 
apple shoots (Glasscock, 1971; Billing, 1974). Since 1969 infections in apple 


orchards have rarely been seen. 
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In England, epidemic blight of fruit blossom in spring is likely to be very 
rare unless our climate changes or later blooming cultivars become common. 
Isolated infections however do occur in some years and, if undetected, are a 
potential source of infection later in the season so we cannot be complacent 
about the situation in the spring blossom period (about mid-April to mid-May). 
ee ty: infection has been seen more commonly on pear than on apple 

ossom. 


The greatest danger to fruit trees, as in other parts of northern Europe, is 
from alternate hosts which flower later in the season eg. Crataegus and Sorbus spp. 
(May to mid-June) Pyracanthus spp. (June), Cotoneaster spp. (June to July). These 
flowering periods overlap the main summer blossom periods on pear and the periods 
of most active shoot growth on both pear and apple. No orchard is remote from 
wild Crataegus spp. and many growers still use them as windbreaks; few are far from 
gardens with susceptible ornamental shrubs. Even so, the risk to pears may depend 
largely on the amount of blossom they produce in summer and the risk to apple 
(which at present seems very low) on unusually severe storms, unless changed 
cultural practices increase their vulnerability. 


Comparison with early experience in Denmark is of special interest. Fruit 
blossom periods in the affected areas are later than those in England but 
temperatures are not necessarily higher at the time. There, primary blossom 
infection in both pear and apple blossom were seen before temperatures above 
18°C had been recorded. Hawthorn hedges were undoubtedly the main source of 
inoculum (Bech-Andersen, 1971, and unpublished data). So far there has been no 
suggestion that, in Denmark, summer blossom on pear presents a fireblight hazard 
or that apple shoot infections are a problem. 


In England, grubbing and burning all infected trees was the policy until 
1968 when cutting out infected parts under supervision was allowed. By 1970, 
the highly susceptible pear cultivar Laxton's Superb (which was prone to produc- 
ing summer blossom in most seasons) had been phased out of the main infected areas. 


Fireblight is still a notifiable disease but for the fruit grower it is now 
more of an advisory problem than a statutory one. Since 1970, few special 
searches have been made, so the present status of the disease in England is un- 
certain. There is no evidence that it has spread to new areas since 1970 but 
there is no doubt about its continued presence. 


With the help of a predictive system which is being developed (Billing, 1976 
and unpublished data), it is possible to re-examine the history of fireblight in 
England and its relation to that in northern Europe and to make an indirect assess- 


ment of the current position. 


The data suggests that, since NO70s weather in England has been less favour- 
able for fireblight activity than it was in earlier years and that severe haw- 
thorn blossom infection was unlikely. The most favourable period was between 
1964 and 1969 when both hawthorn and pear infections were common and severe. 
Since 1970 hawthorn infections have been few and mainly slight when previously 


infected trees have been examined. 


In recent years, weather was most favourable between June and September 
1974 and there seems little doubt that favourable weather that year was an 
important reason why there was such severe fireblight, mostly on cotoneasters, 
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in 1975 in northern Europe. England seems to have escaped 17 i 

ghtly in 1975 though 
two severe outbreaks were reported; heavier and more frequent rainfall in : 
continental Europe may well account for the greater severity of the disease there. 


One important question now is whether or not latent infections are present 
in previously (or newly) affected areas which have shown no sign of fireblight 
in recent years and whether they may be reactivated in the future. 


jhe is interesting to compare experience in Northern Europe with that in 
North America. In Europe, ornamental tree and shrub production is an important 
industry alongside the fruit industry and it is unfortunate that some of the 
most popular trees and shrubs are fireblight hosts. Added to this, Crataegus 
spp. are used for windbreaks in orchards and species (Cr. monogyna and Cr. 


oxycenttra) which are extremely common in the wild state are all highly suscepti- 
ble to fireblight, unlike many North American species. 


In pear trees, experience in England is more like that in California than 
in eastern areas of North America. Summer blossom is by far the most common 
route of infection whilst shoot infection, common in eastern areas, is very 
rare. In apple in England however, shoot tip infection has been far more common 
than blossom infection but has only been seen following storms (absence of shoot 
infection in pears at these times is probably due to the fact that they mature 
earlier than those on apple). 


The implications are that in both England as in California the pear blossom 
period is often prolonged and there is a greater risk of frost damage or poor 
set of fruit because of cool weather after pollination and this (in England at 
least) appears to encourage summer blossom production from June onwards. 


In England severe storms are rare during the period of active apple or 
pear shoot extension but in eastern areas of North America they are common and 
the combination of wind and rain and possibly hail are favourable for infection 
of shoot tips which, without damage, are not readily infected by low levels of 


jnoculum. 


Slight alterations in climate in any one area affected by fireblight (eg. 
severe storms in England) may affect the behaviour believed to be characteristic 
of the disease in that area and it may be difficult to predict the precise pattern 
of events likely in an area so far unaffected by fireblight. It should however be 
possible to gain a broad indication by a study of the prevailing weather during 
the growing season and by looking for features which are comparable to those in 
other climatic areas at critical periods, especially at blossom time. 
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Pertinent Statements Made During Discussion on Fire Blight in Europe 


Baterievuur (perevuur) is the new name for fire blight in the Netherlands. 


(Meijneke) 


Pears and apples in the Netherlands do not usually show blossom blight 
because of cool weather during bloom (April 1 - May 15). Hawthorn sometimes 


show blossom infection because of later bloom (April 15 - June 15), whereas 


blight in Cotoneaster is due mainly to blossom infection (June 15 —s July 15). 


(Meijneke) 


Cotoneaster salicifolia and C. watereri and their cultivars are the most 


susceptible cotoneasters to fire blight. (Zeller) 


Climatic conditions in the Po Valley of Italy, the Rhone Valley of France, 
and central Switzerland appear to be similar to those found in the pear 
growing regions of the western United States. Therefore, fire blight may 


become a serious problem in these regions once the organism is introduced. 


(Moller) 
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; Streptomycin Resistance in Erwinia Amylovora 
M. N. Schroth, S. V. Thomson, and W. J. Moller 


Department of Plant Pathology 
University of California 
Berkeley and Davis, California 


This report is a synopsis of our investigations on streptomycin resistance in 
Erwinta anylovora. Information from these studies has not been published except 
for the initial reporting of the presence of naturally occurring streptomycin 
resistant E. amylovora strains in pear orchards (Phytopathology 10:1175, 1972) and 
sone data on the nature and distribuiton of the strains (Calif. Plant Pathology, 
meee, 1-5, Jan., 1972). 


Streptomycin resistant strains infecting pear were found in 1971 in Sacramento 
Valley in a mmber of locations (Table 1,2). Subsequent to these findings, resis- 
tant strains have been detected in many geographical areas in California, including 
different hosts such as apple, loquat, and Pyracantha. Resistant strains were 
found in Stockton and Southern California on pears that had never been treated 
with streptomycin. Other bacteria which colonize pear trees, such as P. syringae, 
also were found to be resistant to streptomycin. 


Streptomycin resistance occurs in the field at two levels, 20 ppm and 1000 ppm. 
On Luria's medium, isolates resistant at 1000 ppm were also resistant at 10,000 ppm. 
In 1976, a survey of three pear growing counties revealed that approximately 50% of 
the isolates were resistant. One hundred eighteen isolates were resistant to 
1000 ppm and above, whereas 11 were resistant to 20 ppm. All isolates were resistant 
in the orchard where streptomycin resistance was originally discovered in 1971, but 
in 1975, 50% of the isolates were resistant following a regime where only copper 
materials were applied. 


Although resistance using the disc bioassay appears to be infinite to concen- 
trations of streptomycin, the incorporation of streptomycin in agar and broth media 
revealed that increasing concentrations have a toxic effect increasing the genera- 
tion time.( Fig 1.) When plating cells on agar media, the colony count is markedly 
reduced with increasing concentrations of streptomycin. 


The Delbruck fluctuation test showed that resistant cells were present in the 
natural population and occurred at two levels, 20 and 1000 ppm+, the same, levels 
found in the field. The mutation rate was about 1.9 x 10-9 and 2.2 x 10°? for the 
20 and 1000+ streptomycin resistant mutants, respectively. 


Preliminary tests suggested that streptomycin resistant strains were of greater 
Virulence than susceptible strains. More extensive testing, however, indicated 
that the variabilities of virulence in susceptible strains was approximately the 
Same as resistant strains (Table 3 ). 
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GENERATION TIMES 


120 MINUTES 
125 MINUTES 
160 MINUTES 
190 MINUTES 
400 MINUTES 
3940 MINUTES 
640 MINUTES 
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Table 1: Frequency of Streptomycin Resistance in Different Locations in 1971. 


ase coastal Ma lect ene 





— Number of 

Area Samples Number Resistant Percentage 
ete ee re I 
Hamilton City 18 9 50 
Gridley-Live Oak 34 32 96 
Yuba City 12 2 18 
Marysville 9 4 44 
Yolo County 4 0 0 
Total 
Sacramento Valley 77 47 61 








Table 2: Distribution of Streptomycin Resistant £. amylovora in Sacramento Valley, 1971. 











Years Using Total Streptcmycin Resistant Samples 
Streptomycin Samples Nebo Devcon 
On 10 11 6 $5 
ae- 5 21 14 67 
5 3 3 100 
2 28 19 58 
1 14 5 36 





Table 3: Comparison of Symptoms Caused by Inoculating shoot Tips of Pear With 
Resistant or Sensitive £. amylovora Strains. 








Average Distance in cm 


E. amylovora Strain Blight Ran in Three Weeks 

1. Sensitive * 0 

2. Sensitive 1535 
3. Sensitive PAs 
4, Sensitive ae 
5. Resistant 43.2 
6. Resistant LOS 
7. Resistant PA AD 
8. Resistant 7MEAS. 


a This isolate was of low virulence and produces symptoms only 


”" when very succulent tissue is inoculated. 
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Conjugal gene transfer system, and mapping of genes for plant virulence, 


in Erwinia amylovora 


Ss 


ARUN K. CHATTERJEE, BALAPPA K. PUGASHETTI, and MORTIMER P. STARR 
Department of Bacteriology 


University of California 
Davis, California 95616 


15 September 1976 





i i i Research 
Paper presented at the Third Workshop on Fire Blight th) 
Baaca, New York, 20-22 September 1976. A privileged communication. 
All rights reserved by the authors and the University of California. 
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Two gene transfer mechanisms, conjugation and transduction, have been 
extensively exploited to elucidate the Physiology of enterobacteria such as 
Escherichia coli and Salmonella typhimurium. Indeed, it can be stated with- 
Out reservation that in the absence of these techniques of gene manipulation 
our knowledge pertaining to the biology of these bacteria would have been 
sketchy and ambiguous. It is rather unfortunate that knowledge as extensive 
as that for these enterobacteria does not exist for other bacterial 
pathogens, including those which cause disease of plants. Bacterial patho- 
genesis of either plants or animals is a complex process, and is very poorly 
understood at this time. We feel that a significant contribution to the 
understanding of the pathogenic process in bacterial phytopathogens 
necessitates the availability of systems to manipulate the genetic material. 
We have developed conjugal gene transfer systems in E. amylovora (Chatterjee 
and Starr, 1973; Pugashetti and Starr, 1975; Pugashetti, Chatterjee, and 
Starr, in preparation) which are briefly described below. 

In addition, we have determined the ability of Erwinia amylovora and 
other Erwinia spp. to inherit some of the enterobacterial plasmids, and the 
effects of these plasmids on the virulence of E. amylovora. 

Inheritance of enterobacterial plasmids by E. amylovora. The results 
presented in Table 1 demonstrate that plasmids of various compatibility 
groups are transferred from Escherichia coli to Erwinia amylovora. The 
frequency of such transfer in a three-hour cross is relatively high for RPI, 
and relatively low for F' factors, derepressed R factors R100 and R64, 
and the human clinical Erwinia plasmid E-lac . We have determined that 
the sex factor activity--as judged by M13 sensitivity (in the cases of F' 
factors and R100drd56) and donor ability--of all these plasmids is normal in 
E. amylovora (Chatterjee and Starr, 1972a, 1972b). 

The plasmid-bearing strains of E. amylovora EAI78 have been tested for 
virulence on immature pear fruitlets. We have thus far been unable to 
detect any effect of these specific plasmids on virulence. It is interesting 
to note that Bennett and Billing (1976) reported a loss of virulence in 
Strains of E. amylovora resistant to streptomycin. We have not observed 
any change in the virulence of spontaneous one-step (high level) strepto- 
mycin-resistant strains of E. amylovora. It is possible that Str strains 
of E. amylovora--such as those obtained by serial subculture in the presence 
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of increasing concentrations of streptomycin by Bennett and Billing (1975)-- 
have multiple genetic lesions. The low level of resistance might have 
resulted from an alteration in Permeability, and the subsequent high level 
of resistance from an alteration in ribosomal proteins. In the light of our 
findings on the virulence of mutant strains of E. amylovora with altered 
barrier property of the cell envelope (Chatterjee, Buss, and Starr, in 
Preparation), it seems possible that an altered permeability of the str’ 
Strains might have contributed to a loss of Virulence. 

Isolation of Hfr strains. We have constructed Hfr strains, starting 
with E. amylovora strains haboring F'lac™ and F'his” from E. coli (Chatter- 
jee and Starr, 1973; Pugashetti, Chatterjee, and Starr, in preparation) 
The procedure followed in each case was the same and, for the sake of 
clarity, we will describe below (and in Figure 1) the steps followed in the 
isolation of only one of these Hfr strains (strain 99). 

The results given in Table 2 demonstrate that F'lac™ is transferred 
from Erwinia amylovora to E. amylovora, Erwinia chrysanthemi, Erwinia 
herbicola, Escherichia coli, and Shigella dysenteriae; the frequency of 
transfer is higher with E. coli and S. dysenteriae recipients relative to 
Erwinia recipients. It is noteworthy that the frequency of the transfer 
of Flac from E. amylovora to E. amylovora is considerably higher (by 
about a factor of 10°) as compared to transfer of the F' factor from E. coli 
to E. amylovora. We believe this does not result from Erwinia-specific 
modification of F'lac, Since the frequency of the transfer of Flac” from 


E. amylovora to £. coli and other erwinias is comparable to the frequency 
of transfer from E. coli to these recipients. It is likely that this 
relatively high frequency of Flac transfer results from surface properties 
of these bacteria which contribute to the effective pair formation in 
homologous matings (Chatterjee and Starr, in preparation). 

The Flac” factor is fairly stable in E. amylovora; the spontaneous loss 
of the F' factor amounted to about 0.75 per cent in an overnight culture 
in Penassay broth [Table 3]. However, acridine orange (1 mg/ml) in Penassay 
broth was quite effective in "curing" the F' factor from these cells; about 
90 per cent of cells grown in presence of the dye were Caters lercace 
Clones were also F as judged by M13 insensitivity. The stability of the 
F' factor in the E. amylovora host, the high efficiency of curing of the 
F' factor, as well as the high frequency of transfer of the F' factor in 
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homologous crosses al] Prompted us to look for Hfr strains in the population 

of F' cells. The procedure adopted is shown as a flow diagram in Prgee ts 

We have isolated several Hfr strains using this procedure, Ane some of their 
properties are described below. 

The data in Table 4 reveal the sensitivity to "curing" by acridine 
Orange of the F' factor, and insensitivity of the Hfr strain 99 to such a 
curing effect. This is consistent with the Finding of Hirota (1960) that 
acridine dye is effective in curing the F' factor in an extrachromosoma] 
State but not in an integrated state. We have also determined that all 
Hfr maces of E. amylovora strains that we have constructed using F' lac” 
and F' his” are insensitive to curing by acridine orange. In addition, 
we have now obtained molecular evidence of the integration of the F' 
factor in Hfr strains of E. amylovora. In alkaline sucrose gradients, the 
lysate of E. amylovora strains harboring F'lac™ or F'his” show a peak of 
satellite DNA, but no such satellite DNA is seen in Hfr strains or in the 
wild type strain (Pugashetti, Chatterjee, and Starr, in preparation). 

Properties of the Hfr strains. The results of the times of entry of 
Several genetic markers from Hfr strains 99 (isolated from an Ftlac strain) 
and 159 (isolated from an F'his” Strain) tore: amylovora recipient strain 
_ BP 2158 are given in Table 5. It is evident that, whereas Hfr 99 transfers 
Ser as the proximal marker followed by rbs and ilv, Hfr 159 transfers these 
markers in a reverse fashion, ilv being the proximal marker, followed by 
ros and ser. This behavior suggests, then, that the origins of the 
transfer in these two Hfr strains are different, as shown in Table 5. 

We have summarized the frequency of the transfer of various markers from 
Hfr 99 and Hfr 159 to different recipient strains of E. amylovora [Table 
6]. It is also clearly shown that markers which are proximal are trans- 
ferred at relatively higher frequencies than the markers which are distal-- 
indicating the polarized transfer of chromosomal markers. 

We have now initiated a systematic mapping of the E. amylovora 
chromosome, including the genes involved in virulence. Our analysis thus 
far has revealed a linkage between ilv and rbs, and between thr and leu. 

It is noteworthy that in E. coli these markers are located within one-minute 
intervals of each other. This behavior suggests to us, in a preliminary 
way, that the gross linkage map of E. amylovora will be similar to those 

of E. coli and S. typhimurium. 
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We have analyzed the virulence of recombinants of a cross between Hfr 99 


> 


avirulent) and the results are summarized in Table 7. It is clear that the 
gene(s) for virulence is (are) linked to ser. The per cent coinheritance 

for this marker (virulence) with ser is 55 and with MOSM. casS eco ents 
places the virulence gene(s) between rbs and ser; it is (they are) closer to 
ser than to rbs. These results also rule out the possibility that avirulence 
in this particular strain results from the auxotrophic requirements; ser" 
thr ilv his” mutant strains are both virulent and avirulent; similarly, 
rbs” ser” his thr ilv mutant strains are both virulent and avirulent 
(Pugashetti, Chatterjee, and Starr, in preparation). Of course, we do 

not yet know the gene-product(s) involving virulence of these particular 
cases. This constitutes a subject matter for our further studies (Chatterjee 
and Starr, in preparation). 

The results presented above clearly indicate that the conjugational 
genetic systems that we have described are adequate for mapping the chromo- 
somal loci, including the genes for virulence in Erwinia amylovora. We 
continue to search for suitable transductional systems. 
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TABLE 1. 


TRANSFER OF PLASMIDS FROME. COLI TO ERWINIA AMYLOVORA 
STRAIN EA173 


" FREQUENCY OF 
PLASMID CoMPATIBILITY 





cae TRANSFER Pn 
Fiuact FI 5.0 x 10°8 
R100 prp-56 FI Wl xalen! 
R64 pro-1l 1,2 elon! 
RPI p 1.4 x 1079 
E-Lac* ? 2.0 x 1077 


——————————————— 


TABLES2 se 


TRANSFER OF pac® FROM ERWINIA AMYLOVORA 
AND ESCHERICHIA COLI TO ENTEROBACTERIA 


FREQUENCY OF 
TRANSFER (PER DONOR 
ROM 


mM 


CELL) F 
BACTERIA ceatyana) *(0986) 
E. amvLovora (EA178-S;) in(h) see 7h3 x 105° 
E, CHRYSANTHEMI (ECL6-S,) ted xel0mp 3.0 x 10-6 
E, HERBICOLA (Y46-S7) it) ss nla up ee 
» HERBICOLA (Y74-S)) Teleei0ae 4.0 x 10°6 
E. cour (2624) ype alipee 1.4 x 107! 
SHIGELLA DYSENTERIAE (2880-S}) 2.3 x lo 1.2 x 10° 
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TABLE 3. 


EFFECT OF ACRIDINE ORANGE ON THE ELIMINATION OF Lac FROM THE 
ERWINIA AMYLOVORA LAC™ HETEROGENOTE EAI78Ry 


ee eee an St ly 
ACME OF 


ACRIDINE No. oF cotontes | 
ORANGE CONCN GROWTH EXAMINED THE TOTAL NO, 
(u6/ML) OF COLONIES) 








TABLE 4, 


EFFECT OF ACRIDINE ORANGE ON THE ELIMINATION OF Lac FROM 
ERWINIA AMYLOVORA PARENT STRAIN FA178R; AND DONOR 
STRAIN EA178R,-99 } 









ACRIDINE TOTAL NO. OF PERCENT 
CuLTuRES ORANGE NO, OF LAC LAC” OF 
THE TOTAL 






(yG/ML) COLONIES | COLONIES 
TESTED 







EAL78R, 





58.1 
95.2 
0.6 
0.6 
0.6 


EA178R, -99 
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TABLES; 


TIME OF ENTRY OF VARIOUS MARKERS IN INTERRUPTED MATINGS 


Donor RECIPIENT SELECTIVE TIME OF 
MARKER ENTRY 
cSt eae le lee lead 
Her 99 BP 2158 SER” 15’ 
Rip’ 52’ 
ILv 56’ 
Her 159 BP 2158 Ser™ 45! 
. Rip 25 
ILv* 20' 
(Hist) 0’ 
Hts Itv RIB SER 
ou 3 


0 0 
(HFR 159) (HER 99) 
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TABLERG: 


TRANSFER OF CHROMOSOMAL MARKERS FROM ERWINIA AMYLOVORA Her 99 
AND Her 159 TO ERWINIA AMYLOVORA RECIPIENTS 





FREQUENCY OF TRANSFER 


‘Nee ates dopey kc (PER DONOR CELL) FROM 
Her 99 Her 159 

BP 2126 Ser* “vel ve lie Biche aka 
: Tr* 2.0 x 1077 4,8 x 1078 
Iuv* 1.4 x 10% 3.8 x 10-4 
Leu* Tehx) 10e° 1,0°x 105? 
M64S1-54 His* 1.6 x 1077 1.7 x 10° 
Tre* 3,1 x 1077 2.0 x 107° 
M64S1-15 Pro* 1.5 x 10° 1.0 x 1074 
M64S1-68 Are* 6.1 x 1078 30x 1077 
BP 2152 Orn? 3,7 x 107° 36x 1074 
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TABLE 7, - 


VIRULENCE OF RECOMBINANTS FROM A CROSS 
BETWEEN Her 99 AND BP 2157 


Her 99: DERIVED FROM ERWINIA AMYLOVORA STRAIN EAI78; 
PROTOTROPHIC, STR®, VIRULENT 


BP 2157: ser THR ILV HIS RIB STRR,AVIRULENT 


OTHER 


SELECTED MARKER VIRULENCE 

MARKER. INHERITED TESTED # POSITIVE % VIRULENT 
SER” NONE ul 6 54.5 
Ripe NONE 12 i 8,33 
Ris’ Ser* 2 3 25.0 
Ript Lvs 2 1 8,33 
ILv* Rip* 10 NONE 0.0 

ILV RIB VIR SER 
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FIGURE 1. 


ISOLATION OF Her STRAINS IN ERWINIA AMYLOVORA EA178 


EAI78R1 (F’Lac*) 


' 


GROW OVERNIGHT IN DARK IN THE PRESENCE OF 
ACRIDINE ORANGE (2-4 UG/ML) ; 


PLATE oN EMB-LACTOSE AGAR PLATES 


+ 
Lac’ cLones (Approx. 2 - 5% OF THE TOTAL POPULATION) 


; 


TRANSFER TO LURIA BROTH, LET GROW OVERNIGHT AT 30C 


| 


Spot 0.02 ML ONTO THE LAWN OF RECIPIENT CELLS 
(RECIPIENT CELLS PRESPREAD ON SELECTIVE PLATES) 


| 


INCUBATE PLATES AT 30C 


SPOTS WHICH PRODUCED NUMEROUS RECOMBINANT COLONIES ARE 
LIKELY TO CONTAIN HFR CELLS 
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Transfer and acceptance of the R-factor RP1 by strains of Erwinia 
herbicola and Erwinia stewartii." 


L.N. GIBBINS*, P.M. BENNETT’, J.R. SAUNDERS’, J. GRINSTED’, and J.C. 
CONNOLLY*. 


*Department of Microbiology , University of Guelph, Guelph, 
Ontario, Canada, N1G 2W1, and *Department of Bacteriology, Medical 
School, University of Bristol, Bristol, England, BS8 1TD. 


Several strains of Erwinia herbicola (Lohnis) Dye and one strain 
of E. stewartii accepted the R-factor RP1 from Pseudomonas aeruginosa 
PAOI2r(RP1) by conjugation. The M.I.C. values for the antibiotics to 
which resistance determinants are carried by RP1l (i.e. carbenicillin, 
kanamycin, neomycin, tetracycline) were somewhat lower for the E. 
herbicola exconjugants than for the RP1 donor strain. Minor variations 
in some of the biochemical characteristics of the exconjugants, when 
compared with those of the parent recipient strains, were observed. 

The sensitivity of the RP1* strains to RPl-specific bacteriophages PRD1 
and PRR1 varied from an efficiency of plating (compared with P. 
aeruginosa PAQ67(RP1)) of zero to 133 for PRD1 on various E. herbicola 
exconjugant Rt strains, and from zero to 0.0002 for PRR1 on the same 
exconjugant strains. The corresponding values for the single strain of 
E. stewartii tested were 148 and 18.4, respectively. A phage-resistant 
strain, E. herbicola Y46(RP1), donated RP1 by conjugation to E. 
herbicola Y46 rif’, P. aeruginosa PAT900, and Escherichia coli UB1005 
only at very low frequencies, if at all. Transformation of E. coli 
JC7620 by covalently closed circular DNA from E. herbicola Y46(RP1) 
resulted in the acquisition of the RP1l antibiotic resistance pattern. 
The transformed strains were able to donate the R-factor to suitable 
recipients by conjugation. The results suggest that (i) some E. 
herbicola RP1 strains do not produce RP1 pili, or produce defective 
pili, and (ii) sensitivity to the RPl-specific bacteriophages is not a 
suitable means of detecting the presence of the R-factor RP1 in strains 
of E. herbicola. 


This work was supported by the National Research Council of 
Canada, and will be published in detail in the Journal of Bacteriology 
(October or November issue, 1976). 
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: Strain and Virulence Variability in Erwinia amylovora when 
Exposured to E. amylovora Bacteriophage 
De Pe Ritchie and E. J. Klos 
Department of Botany and Plant Pathology 


Michigan State University 


Soon after Burrill demonstrated that fire blight was caused 
by a bacterium, reports were published suggesting that variability 
existed among isolates of the pathogen, Erwinia amylovora (2,13,10,16). 
Ark was one of the first to perform an extensive study of this 
variability using 10 isolates (1). Since then other workers have 
attempted to better define this variability (4,9,15). Many 
factors such as temperature, host, nutrition, experimental tech- 
nique, etc. have been suggested as cause of this variability. In, 
the review of fire blight by Schroth et al. (14), it is pointed 
out that of the voluminous amount of literature published on fire 
blight surprisingly little information exists concerning the 
characterization of E. amylovora, especially the genetic vari- 
ability of the pathogen in nature and how such diversity might 
relate to epidemiology. 

This report presents some preliminary observations of a 
change in colony morphology and an attenuation in virulence of E. 
amylovora following exposure to bacteriophage. When a phage and 


its host interact one or more of the following events may occur: 
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1) the sensitive cells are eliminated and replaced with resistant 
mutants often of different potentialities; 2) destruction of the 
sensitive cells with conformation of the ability on the 
Survivors to produce and transmit the phage to progeny (lysogeny); 
3) alteration of genetic characterization of the survivors by 
transduction (6). 

Normally when phage and its host are mixed, approximately 1 


cell in 10° to 10° 


will survive (5). However when isolates of E. 
amylovora and phage PEal(h) were mixed the percent of survivors 

of the majority of isolates was found to be greater than 25% 

(Table 1) suggesting that the ability to survive the phage infection 
was due not to a mutation but to an adaptation. A mutation may be 
defined as a sudden inheritable change in the gene of an organism. 


Mutations occur spontaneously in bacteria at a rate of between 1 x 10°" 


and 1 x 197 !0 


per bacterium per generation (5). An adaptation wouid 
involve a change not occurring until the selective agent was 
present. Proof of the occurrence of mutations in bacteria was 

not presented until 1943 when Luria and Delbruck reported their 
fluctuation test (12). The test was based on the principle that 

if resistant variants arose because of contact with the phage it 
should not matter whether populations exposed to phage came from 

a series of similar cultures or from one culture. However, if 
resistance occurred prior to exposure to the phage then the 


number of resistant variants among similar cultures would be 


different from that obtained from a series of samples from one 
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culture.. The results obtained from performing such a test using 

E. amylovora #110 and #121 with phage PEal(h) as the selective 

agent are shown in Table 2. The variance among the individual 
cultures for #110 was less than the variance among samples from 

the single culture thus the variance was the result of sampling 
error. This adds support to the hypothesis that resistance of ~ 
#110 to PEal(h) is due to adaptation rather than a mutation. 

With culture #121 the variance among individual samples was much 
greater than that among the samples from single cultures, suggesting 
that the resistant cells were derived from spontaneous mutations. 
These results suggest two different mechanisms involved in 
preventing lysis of the resistant or immuned cells. In #121 

the mechanism is probably a change in adsorption sites on the cell 
wall, sufficient data is not available to explain the mechanism opn- 
erating in #110 and similar isolates. 

Colonies which developed from cells not lysed by PEal(h) 
exhibited a different colony morphology while in the presences of 
PEal(h). When E. amylovora wild type (w.t.) and phage resistant 
(p") isolates were grown on 2.0% nutrient agar supplemented with 
0.5% glucose (NAG) for 36 to 48 hours, w.t. colonies were 2.0 to 
9.5 mm in diameter, with an entire margin, convex, white, with a 
smooth, glossy surface. The p’ isolates when cultured under 
similar conditions, except in the presence of PEal(h), exhibited 
a colony morphology that was stidlersn -OntO;ie>anmaini diameter, 
flat, with a translucent, grayish color and very. easily distinguished 


from w.t. colonies. When colonies of the bp’ type were cultured 
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in 0.8% nutrient broth, 0.5% glucose, and 0.25% yeast extract for 
18 to 24 hours then plated on NAG without PEal(h) the colonies 
formed were of w.t. (Table 3). Furthermore, when agar was seeded 
with bacteria from these revertant types and PEal(h) was spotted - 
on the agar surface typical areas of lysis occurred. However, 
when these po type colonies were transferred to NAG plates 
directly from NAG + PEal(h) a mixture of w.t. and p” type colonies 
could be obtained. If this was done approximately four times 
relatively stable p” type colonies occurred. 

With many questions unanswered, the next step was to de- 
termine if the p” type differed in virulence from the w.t. This 
was done using Jonathan apple seedlings. In two separate experi- 
ments (Fig. 1-A &B) the p” type cultures showed an attenuation in 
virulence compared to w.t. cultures. All cultures were siaidardized 


9 colony forming units (CFU)/m1 with »2 x 10/ CFU 


tome XFtO 
applied to each seedling following wounding with a 25 gauge 
needle on a disposable syringe. The data in Figure 1-C were 
obtained from the same experiment shown in Figure 1-B with Figure 
1-C showing the virulence rating for each individual isolate. 
Isolates 134 bp” and 12] p’ produced symptoms by 48 and 72 hours, 
respectively, while 105 bp’ and 110 p” did not produce symptoms 
during the 120 hours of the experiment. Isolations 134 and 121 
also have higher mutation frequencies suggesting a different 
mechanism of phage resistance from that of the other isolates 


(Table 1). At 120 hours one replication of seedlings was sampled 


by crushing in 0.02 M potassium phosphate buffer and plated on 
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NAG + 50 ug/ml of rifampin (the bacteria contained a genetic 
marker). The results obtained are shown in Table 4. None of the 
seedlings inoculated with w.t. cultures exhibited p” type colonies 
while seedlings inoculated with p” type cultures produced p” type 
colonies. Isolates 105 bp’ and 110 p’ also produced w.t. colonies 
Suggesting that reversion to w.t. may have occurred, this was not 
detected in 121 pe or 134 pis It is also of interest to note 
that within the next 24 hours all seedlings were showing symptoms. 
There are several instances where phage are known to affect 
colony morphology or virulence of:bacteria (3,7,8,11,17). A 
Similar situation may be occurring with E. amylovora and its 
phage. 

As mentioned at the beginning, much of this data is pre- 
liminary, some of the experiments have been repeated others are 
in the process or will be as well as explored in more detail. It 
appears that phage has an effect on the etiology of fire blight 
whether this ultimately affects the epidemiology of the disease 


is speculative at present. 
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Table 1. "Mutation" frequencies of Erwinia amyiuvora isolates tc 
the E. amylovora bacteriophage PEal(h). 


Erwinia amylovora 


isolate 
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Table 4. Results of sampling seedlings inoculated with wild type w.t.) 
and corresponding phage resistant(p") cultures of Erwinia amylovora. Samp?ing 
was done 120 hr after inoculation, all seedlings inoculated with w.t. cultures 
were showing symptoms while only seedlings inoculated with p’ cultures 
121 and 134 were showing symptoms. 
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Taple 2-(A and B). A) Results of fluctuation test with Erwinia amylovora 
isolate #110. B) Results using E. amylovora isolate #121. 
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PrmisOlate #140, 


Samples from single culture Samples from individual cultures 
Sample No. No. resistant CFU Sample No. No. resistant CFU 
1 29 1 25 
2 29 2 23 
3 ay 3 29 
4 45 4 42 
is 40 5 18 
6 35 
7 Lo 
8 16 
9 22 
10 23 
average 35 Average 25 
Variance Oe Variance ono 
Chi-square 5.89 Chi-square 23 OY 
P 273 P | 005 


pemeisolate #121. 


Samples from single culture Samples from individual culture. 
Sample No. No. resistant CFU Sample No. No. resistant CFU 
1 466 1 24 
2 437 2 32 
3 ao 3 34 
4 398 4 67 
2 a 
6 8 
7 250 
8 438 
9 15 
10 24 
Average 424 Average 93 
Variance 288 Variance 1974 
Chi-square 8.14 Chi-square 1909.9 
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Table 3. Instability of phage resistant(p") Erwinia amylovora. 
Ten sub-cultures were made from #110 wild type(w.t.). These were 
plated on nutrient agar glucose(NAG) with phage PEal(h), three 
colonies of phage resistant survivors were selected from the 
parent culture(p) and from each of three of the sub-cultures. 
Following 24 h incubation in nutrient broth glucose these were 
plated on NAG plates. The data shown are the results obtained 
i PpanentecilLtune, llOpmrandernom sub-Cul tunes sas D mel Od, 
an , 


Growth on NAG + PEal(h) Growth on NAG 
Cultures pUSCEU Winter CEU HEC Wet Cre 
110p w.t. 25 x 108 0 0 4g x 108 
110p-1 0 29 xX 108 
110p-2 0 49 x 108 
110p-3 0 21 Xa bOk 
110b w.t. 28 X 108 0 0 51 x 108 
110b-1 0 58 x 108 
110b-2 0 46 x 108 
110b-3 0 56 xX 108 
110d w.t. Gee 26 Xe 08 0 ¢ 64 x 108 
110d-1 0 49 X 10% 
110d-2 0 44 x 108 
110d-3 0 31 X 10% 
ot iw.t. 13 xX 108 0 0 Tae XReL Ds 
110f-1 0 77 X 108 
110f-2 0 85 X 10¢ 
110f-3 0 90 X 10& 
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Kesults using E. 
amylovora isolates 
LOsg LS seandsb2) 
Wild typ. (a) 
and their phage 
resistant derivatives 
(4-—4) .Date are 

the results or the 
mean of the 3 isolate: 
each consisting of 

3 replications. 
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Results using E. 
at:ylovora isolates 10_, 
110, 121, 134 wild type 
(m#—m) and their pha. 
resistant deriv=tives 
(4—a). Data are the 
nean of the 4 isolates 
r=plicated 5 times. 
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Results obtained when 
the isclates used in. 
B were plotted indep- 
pendently. Isolate 

Ney Cee oe Pian a gy. 
Loo nO., Wild cyses 

( ) and phage 
resistant derivatives 


(= om). 





RATING 
So=NwWRWU AY wD DO 


a= \ = oo 








24 48 7 96 120 


HOURS 


Fig. 1-(A,B,and Cc). The results obtained when wild type and phage resistant 
. e ’ 


[PEal(h) ] Erwinia amylovora were inoculated into Jonathan apple svedlings. 


Virulence was determined by recording the time after inoculation of the first 
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OCCURRENCE OF FIRE BLIGHT, ON RUBUS SPP. IN ILLINOIS,’ Stephen M. 


Ries, Alan G. Otterbacher, and Robert M. Skirvin, University of 
Illinois, Urbana, IL 61801 





A bacterium was isolated from fruit mummies and blighted canes 

of several naturally-infected tetraploid thornless blackberry 
cultivars (Rubus hybrids) growing at Urbana, Illinois. Infected 
fruits were brownish, shriveled, hard, and remained attached to 
the spur. Yield was reduced on all cultivars; most seriously 

on selection SIUS 68-6-15 with 65.4% of the fruit infected. In- 
fected canes were water-soaked, and purplish-black; the pith was 
necrotic, and bacterial ooze was present. Infection appeared to 
Start at either the cane tips or at axillary buds and spread 

down the canes for distances of up to 20cm. Pathogenicity was 
confirmed by isolation from infected plant parts and inoculating 
healthy blackberry cane tips. The host range of the blackberry 
bacterium included all publicly released cultivars of thornless 
blackberry as well as several numbered (unnamed) selections, five 
cultivars of Rubus allegheniensis; and three cultivars of R. 
idaeus. The bacterium did not infect 'Heritage' red raspberry, 
'Jonathan' trees or 'Kieffer' pear fruit, but did produce limited 
water-soaking of green Jonathan fruit. E. amylovora isolates 
from apple and pear failed to infect Rubus spp. inoculated but 
produced typical fire blight symptoms on apple trees and abundant 
water-soaking and ooze on apple and pear fruit. Isolates of the 
blackberry bacterium and E. amylovora isolates were subjected to 
bacteriological tests, the methods used being those detailed and 
referenced in Bergey's Manual. Cells were single, straight rods, 
0.5 by 1.0-3.0 um, motile by peritrichous flagella, Gram-negative, 
and were weakly facultatively anaerobic. All isolates required 
growth factors (nicotinic acid), liquefied gelatin, and were in- 
hibited by KCN. All produced acetoin, mucoid growth on 5% sucrose 
nutrient agar and reducing compounds from sucrose. None of the 
isolates produced urease, indole, H,S from cysteine, or gas from 
glucose. The isolates failed to peenieee casein, cotton seed 
oil or pectate, grow at 36 C, oxidize gluconate or reduce nitrate. 
The bacterium appears morphologically, biochemically and physio- 
logically to be an E. amylovora isolate type which fails to in- 
fect apple trees. Starr et al. in 1951 isolated a similar bac- 
terium from raspberry and named it Erwinia amylovora f. sp. rubi 
Pea sp. TOV « 
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Pertinent Statements Made During Discussion of the Causal Organism 


Growth of E. amylovora in vitro: 
maximum at 35-37°C 
optimum at 23-30°C 
minimum at 3-8°C 
E. herbicola will not multiply at the same low temperatures which support 


the growth of E. amylovora; this should be taken into account in biological 


control. (Schroth) 


A study of about 135 cultures of E. amylovora from numerous Rosaceous 
hosts and several countries with fire blight revealed that all isolates 


showed the characteristic pitting of the colony surface. (Goodman) 
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ADVANCES IN RESISTANCE TO FIRE BLIGHT IN APPLES AND 
PEARS: SCREENING METHODS, SOURCES, INHERITANCE 
AND BREEDING — 1970-1976 


Herb S. Aldwinckle and J. L. Preczewski 
Department of Plant Pathology 
New York State Agricultural Experiment Station, Geneva 


EVALUATION OF RESISTANCE 


The announcement by Goodman et al (1974) that Erwinia 
amylovora produces a host-specific toxin, named amylovorin, 
was Of great interest to apple and pear breeders. It raised 
the possibility of an easier method of evaluating resistance 
than by inoculation with the bacteria. The performance of 
amylovorin, however, has been disappointing so far. Although 
Huang and Goodman (1976) report observations suggesting that 
ultrastructural changes induced by amylovorin and E. amylovora 
are similar, Sjulin and Beer (1976) have evidence that amylo- 
vorin and E. amylovora induce shoot wilt by different 
mechanisms. Furthermore, Beer and Aldwinckle (1976) question 
PhesnOst-specificity of amylovorin,; at least to apple. It 
should be emphasized that for amylovorin to be useful to 
breeders, it must 1) be conclusively demonstrated to be host- 
‘specific, and 2) be easier to use than the bacterium itself. 
Since these requirements have not yet been fulfilled, resistance 
studies are still being conducted with bacterial cell 
suspensions. 


Pears 


Oitto et al (1970) reported field observations of fire 
blight on 522 cultivars. Their data supplemented those of 
Reimer (1925) and many other early authors. An important 
sequel was the report by the same group of the results of 
artificial inoculation of some of the cultivars earlier recorded 
as resistant (van der Zwet & Oitto, 1972). When shoots were 
inoculated, many cultivars appeared less resistant than under 
natural infection. Several showed higher susceptibility when 
inoculated directly in the trunk than in the shoots. There 
was no relationship between percent blossom blight and degree 
of shoot blight. 


Van der Zwet et al (1974) have added to our knowledge of 
sources of fire blight resistance in the genus Pyrus. They 
confirmed Reimer's (1925) report of great inter- and intra- 
specific variability. 


Layne et al (1968) suggested that in some cases resistance 
is inherited quantitatively, in others qualitatively, regard- 
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less of the species source. They concluded that resistance 
was dominant in both cases. In contrast, J. M. Thompson et 
al (1975) hypothesized a dominant gene, Se, conditioning 
"sensitivity" or very high Susceptibility to E. amylovora. 
In a sense this would mean that resistance is recessive. We 
believe that more data are needed before this hypothesis can 
be accepted fully. There were many significant deviations 
in Thompson et al's data, and the hypothesis only partly 
explains the data of Layne et al (1968). 


The USDA group (van der Zwet & Oitto, 1973) and the 
workers at the Agriculture Canada Research Station, Harrow, 
Ontario (Layne et al, 1968) have published methods for 
screening pear seedlings for fire blight resistance. Although 
the greenhouse inoculations are quite simple and fast, evalu- 
ation is more time-consuming and growing the plants in the 
greenhouse for 4-6 months is most expensive in terms of time, 
Space and labor. Nevertheless, these greenhouse methods are 
the most efficient yet available and a great improvement over 
observations of natural infection in the field. Significantly, 
the USDA and Harrow workers (Quamme et al, 1976) recently have 
shown that the greenhouse tests do, in fact, identify progenies 
which show resistance in the field. 


No new fire blight-resistant pear cultivars have been 
introduced since Magness, Moonglow and Maxine were released 
in the early 1960's. Spartlet, a recent introduction from 
Michigan State University, is reported to be more "tolerant" 
of blight than Bartlett. 


Pear Rootstocks 


Westwood et al's report (1976) on the performance of 
Bartlett pear on Old Home X Farmingdale (OHxF) clonal rootstocks 
indicates that these stocks may be of great use to the pear 
industry. OHxF clones are resistant to fire blight (Reimer, 
1950) and pear decline and condition a range of tree sizes. 


Apples 


There are many early reports on the susceptibility of 
apple cultivars based on field observations of natural infec- 
tions. Recent, more comprehensive reports of this type include 
those of J. M. Thompson (1972) and Aldwinckle et al (1976). 
There are serious objections to such assessments, although for 
some cultivars they are all that is available. Variation in 
rootstock, tree age, nutrition, topography, soil type and 
bloom date all may obscure inherent differences between 


cultivars. 


Shaw (1934) inoculated 25 apple cultivars artificially, 
but his cultivars are now mostly unknown and his data were 
not statistically analyzed. At Geneva, we have evaluated 
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most of the modern commercial apple cultivars DY sartileicival 
inoculation of vegetative tissue (Aldwinckle & Preczewski, 
1976). Replicated tests were conducted both in the greenhouse 
and the field. Trees were grown as Single shoots and needle- 
inoculated in the apical meristem with 10©-107 cells of E. 
amylovora. Lesion length and total shoot length were recorded 
when all lesions had ceased extending. Lesion lengths as a 
percentage of total shoot length were calculated (Table 1): 
the "percent lesion lengths" of cultivars in the field were 
correlated (r = 0.56; P = 0.01) with those of the same culti- 
vars in the greenhouse. The relative susceptibility of well- 
known cultivars was generally in the same order that would be 
expected from field observations based on natural infection. 
The data for newer cultivars should be especially valuable 
Since some of them had good fire blight resistance in addition 
to other desirable characters. 


In contrast to pears, some commercial cultivars of apples 
do have a moderate and useful level of resistance to fire 
blight; e.g., Northwest Greening, Delicious, Empire, Winesap, 
Stayman (Aldwinckle & Preczewski, 1976). Gardner (1976) 
surveyed many species of Malus for fire blight resistance using 
artificial inoculation. He found a high level of resistance 
in many cultivars of Asiatic species, but in few cultivars of 
M. pumila. Intraspecific variation similar to that in Pyrus 
occurred. Gardner showed that two highly resistant crab apple 
clones, M. X robusta cv. Robusta 5 and M. X sublobata cv. 

PI 286613 transmitted their high level of resistance to a 
substantial proportion of their progenies. 


Moore (1946) had suggested that three or more factors 
were involved in the inheritance of fire blight resistance in 
progenies from crosses among several commercial apple cultivars. 
Gardner (1976) made crosses among crab apple cultivars and 
rootstock clones, evaluated the progenies, and concluded that 
Hgenetic control of fire blight resistance in apple appears 
to be of at least two types, one based on the action of many 
genes and the other type conditioned by a few dominant genes". 
No evidence was found for a dominant gene for high suscepti- 
pvlitye 


Fire blight resistance as a primary criterion in apple 
breeding is a new development. In fact, many apple cultivars 
introduced in recent years are unduly susceptible; e.g., 
Idared, Summerred, Tydeman's Early, Julyred, Virginiagold and 
Burgundy (Aldwinckle & Preczewski, 1976). In the last few 
years, fire blight resistance has been increasingly emphasized 
in breeding at Geneva. We have tried to adapt the methods 
used by the pear breeders, using named cultivars like Delicious 
as a source of moderate resistance. Since our apple seedlings 
are screened in the greenhouse when 2- and 12-weeks-old for 
resistance to apple scab and cedar apple rust, respectively, 
it is not feasible to screen for fire blight resistance the 
same year in the greenhouse. Screening the seedlings in the 
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following year after planting out in the field has proved 
inefficient because of the excessive care required to obtain 
uniform vigorous growth. This year, our best results have 


been by needle-inoculation of shoots of 3-year-old trees in 
the field. 


Although no fire blight-resistant apple cultivars have 
been released as a result of deliberate breeding for resistance, 
a few recent introductions have proved to be resistant. They 
include cultivars from traditional quality-oriented programs 
(e.g., Britemac, Viking) and also Prima and Priscilla, products 
of the Purdue-Rutgers-Illinois scab resistance breeding 
program. Some of the Geneva scab-resistant selections (e.g., 
NY 55140-19, Ny 55158-2) are similarly resistant to fire 
blight (Aldwinckle & Preczewski, 1976). In this case, the 
fire blight resistance is probably an added bonus transmitted 
fortuitously from the same source (Asiatic crab apple) as the 
scab resistance. 


Apple Rootstocks 


Interest in fire blight of apple rootstocks has arisen 
in recent years because of reports of dwarf trees on M.9 and 
M.26 rootstocks being killed by direct infection of the root- 
stocks (Cummins & Aldwinckle, 1974). Keil and van der Zwet 
(1975) reviewed the susceptibility of different rootstocks and 
also their effects on the susceptibility of scion cultivars 
grafted on them. There was general agreement on the suscepti- 
bility of the rootstocks, but conflicting reports on their 
effects on their effects on scions. M.26 has been reported 
both to increase and to decrease scion susceptibility. 
Increased scion susceptibility induced by MM.106, about which 
there is some agreement, involves more than just precocious 
flowering resulting in more infection courts. Scion physiology 
appears to be altered towards susceptibility. Further studies 
of rootstock influence on scion susceptibility will be made 
at Geneva in field plantings being developed specifically for 
this purpose. 


The increasing incidence of fire blight on dwarfing root- 
stocks has forced us to consider fire blight resistance as a 
primary criterion in apple rootstock breeding. Sources of a 
high level of resistance in crab apple species can be utilized 
in this program immediately since fruit quality is unimportant. 
Gardner (1976) found that resistant seedlings of Robusta 5 and 
PI 286613 could be identified only 30 days after planting, 
when they had 4-6 leaves. This allows a much more efficient, 
screening of large numbers of seedlings, but is restricted to 
those families in which the high level of resistance occurs. 
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CAN AMYLOVORIN BE USED TO SCREEN APPLE CULTIVARS 1c 
FOR RESISTANCE TO ERWINIA AMYLOVORA? 


Steven V. Beer and Herb S. Aldwinckle 
Departments of Plant Pathology 
Cornell University 
Ithaca and Geneva, respectively 


; Goodman, Huang & Huang [Science 183:1081-1082 (1974)] described the 
isolation of a host-specific phytotoxin (amylovorin) from fire blight ooze 
which caused wilt of excised shoots of rosaceous plants. They suggested 
that it might be used in pome fruit breeding programs to screen selections 
for resistance to Erwinia amylovora rapidly. Recent work by Sjulin and 
Beer [Proc. Am. Phytopathol. Soc. 2:107 (1976) and 1976 APS Meeting Abstract] 
has indicated that amylovorin induces wilt of excised shoots by causing 
water deficits. More recently, Goodman and coworkers [1976 APS Meeting 
Abstracts ] have presented histological evidence that xylem vessel plugging 
occurs in amylovorin-treated shoots. The primary purpose of the present 
work was to determine if, among apple cultivars, susceptibility to wilt 
induced by amylovorin is correlated with susceptibility to E. amylovorin 
to a degree sufficient to permit its use in screening for resistance. 


We used plants of nine Malus pumila cultivars that differed in fire 
blight susceptibility that had been grown in the greenhouse and were 
available in large numbers. The susceptibility of the cultivars to E. 
amylovora had been evaluated previously by Aldwinckle and Preczewski [Proc. 
Am. Phytopathol. Soc. 2:94 (1976) and Phytopathology, in press] by 
artificial inoculation of similar trees in the greenhouse and field 
nursery. Susceptibility was based on percent of new shoot length that 
became infected before cankers were formed. 





Plants were grown in 5-inch (12.7 cm) plastic pots in a mixture of 
peat, perlite and vermiculite (1:1:1) on M.7 rootstocks. All plants were 
cut back to a single bud and grown as single shoots for 3 weeks prior to 
the amylovorin test. 


Preliminary experiments with apple shoots and extensive work with 
Cotoneaster pannosa shoots by Sjulin and Beer (unpublished) had indicated 
that shoot flexibility was correlated with susceptibility of excised shoots 
to wilt in amylovorin solutions. To take this factor into account, the 
relative force required to displace each intact shoot apex a given distance 
was determined. 


After measuring shoot length and flexibility, the apical 10 cm of 
each shoot was excised, recut under water to 8 cm, placed in beakers of 
tap water and held in the test chamber overnight. Immediately before 
treatment with amylovorin, shoots were recut again under water to 6 + 
0.5 cm length, measured from the meristem to the shoot base. 


Two samples of amylovorin were used. The first, kindly provided by 
R. N. Goodman in August, 1976, and designated "RNG" had been purified from 
fire blight ooze produced on immature Jonathan fruits. The second 
preparation, designated "TMS", had been purified by T. M. Sjulin From ooze 
produced on immature Pyrus communis 'Bartlett' fruits in 1975 by slight 
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modification Of procedures published by Goodman et al. Both preparations 
were diluted to 100 ugm per ml with sterile distilled water, stirred 
magnetically for 0.5 hr and then dispensed into 10-ml vials supported in 
polystyrene foam racks. 


Four shoots of each cultivar were treated with each of the two 
amylovorin preparations; the whole experiment was repeated. Therefore a 
tota] of 16 shoots of each of the nine cultivars was exposed to amylovorin. 
Similarly treated shoots of each cultivar that were incubated in sterile 
distilled water served as controls. 


Amylovorin sensitivity tests were conducted under controlled-environment 
conditions because previous studies indicated that environmental conditions 
drastically affected the reaction of excised roseaceous shoots to amylovorin 
solutions. Our tests were conducted in a walk-in chamber at 24 + 0.5 C, 
70-80% relative humidity, and 19.4 klux light provided by a combination of 
incandescent and fluorescent lamps. At hourly intervals, the leaf and 
shoot wilt was evaluated. Each shoot was assigned an integer rating on the 
following scale. 0 = complete turgidity; 1 = flaccid or wilted leaf lamina; 
2 = wilted, shoot bent 0-30° from the vertical; 3 = shoot bent 30-60°; 

4 = shoot bent 60-90°; and 5 = shoot bent more than 90° from vertical. 
SaaS the experiments, additional test solutions were added to vials as 
needed, 


Results and Discussion 


Most shoots of most cultivars had wilted after 7 hrs exposure to 

amylovorin. The first evidence of water deficit usually occurred after 

5 or 6 hrs. Both preparations of amylovorin induced wilt of shoots of all 
cultivars but cultivars varied in their mean wilt index ratings. None of 
the shoots continuously incubated in water exhibited wilt symptoms. The 
RNG amylovorin induced wilt to a greater extent than the TMS amylovorin. 
This may have been due to suspended particulates since that preparation 
appeared cloudy. 


The mean wilt indices of shoots of the nine cultivars treated with 
the RNG amylovorin preparation were slightly higher than the TMS means. 
However, there were only small differences in the ranking of the cultivars 
by the two preparations on the two test days. The mean wilt index of 
shoots of the nine cultivars in both amylovorin preparations on both test 
days are presented in Table 1. The flexibilities of shoots among cultivars 
did not differ significantly although flexibility was correlated with 
shoot length. The cultivars, arranged on the basis of mean wilt index 
fall into statistically distinct groups. Shoots of Turley, Rome Beauty, 
Arkansas Black and Prima wilted to a significantly greater extent than did 
shoots of Ben Davis, McIntosh, Tolman Sweet and York Imperial. 


The crucial question is whether cultivar response to amylovorin has 
any relationship with the response of the same cultivars to E. amylovora, 
For susceptibility to E. amylovora, we relied on Aldwinckle and Preczewski's 
previous data. Under quite uniform conditions in both the field nursery 
and in the greenhouse, plants comparable to those that were tested for 
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amy lovorin sensitivity, were inoculated artificially. The same 9 cultivars 
are ranked in descending order of susceptibility to E. amylovora in Table 1. 
The figures represent the percent of the current year's shoot that became 
infected in the greenhouse test. The ranking of the same cultivars in the 
field test was highly significantly correlated with the greenhouse test 
rankings. (Arkansas Black was not included in the greenhouse test and it is 
ranked for Susceptibility based on a field nursery test that included all 
the cultivars. ) These rankings agree well with the observations of others 
that indicate that York, Rome and Tolman are among the more susceptible 
cultivars, whereas Prima, Arkansas Black and Golden Delicious are less 


Sed dale Ben Davis, McIntosh and Turley are intermediate in suscepti- 
ility. 


A plot of mean wilt index data vs. percent shoot blight data for the 
cultivars is depicted in Figure 1. Linear regression analysis of the wilt 
index and E. amylovora susceptibility data indicated no significant 
relationship (r = -0.365). When we compared the rankings of the 9 cultivars 
based on susceptibility to E. amylovora and sensitivity to amylovorin-induced 
wilt, by Spearman's Rank Correlation test, (Snedecor and Cochran, 1967) again 
there was no significant relationship (r_ = -0.333). In this test, for 
Significance at P = 0.05, r, must be > + 0.683. 


If the nine cultivars which we tested with amylovorin were of unknown 
susceptibility to E. amylovora, we would have considered Prima and Turley 
as susceptible, and York and Tolman as resistant, when actually the 
relationships are reversed. 


The results of these studies indicate that cultivars differ in their 
sensitivity to amylovorin. But, unfortunately amylovorin sensitivity of 
the nine apple cultivars tested was not correlated with susceptibility to 
E. amylovora. Therefore, we feel that amylovorin cannot be used to rank 
cultivars for fire blight susceptibility. In addition, our findings do 
not support the supposition that amylovorin is a host-specific phytotoxin. 


Table 1. Fire Blight Susceptibility - Amylovorin Sensitivity 


] ] 


Cultivar % Blight Cultivar Wilt Index 
Rome Beauty JAY Turley 4eis-a 
Tolman Sweet 68 a Rome Beauty 3.94 ab 
York Imperial 67 a Arkansas Black 3.89 abc 
Ben Davis 40 b Prima 325682 0c 
McIntosh 36 be Golden Delicious 2=3\ bcd 
Tur ley SOME DC Ben Davis dapaes ~ Cele! 
Golden Delictoys 24 DC McIntosh ino d 
Arkansas Black -- -- Tolman Sweet Heaths d 
Prima aC York Imperial 1.00 d 


WWithin columns, data followed by the same letter do not differ 
significantly (P = 0.05). 


2Ranked here on the basis of another test. 
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Rootstock susceptibility 


Eve Bilas 


The following methods have been used to test the 
fireblight susceptibility of apple rootstocks: inoculation 
of the stem, a petiole or a cut leaf just above the last 
unfolded leaf. Infection without obvious damage has been 
achieved by wetting shoots before dipping tips into a 
suspension of the pathogen. Petiole inoculation is now 


the standard procedure. 


M26 proved highly susceptible regardless of the 
method of inoculation. With some low susceptibility 
stocks, the wet method produced more infections than the 


cut leaf method. 


Preliminary experiments were made this year on the 
effect of the pre-inoculation growth regime on the 
susceptibility of four apple rootstocks. It seemed that 
the susceptibility of some rootstocks was higher under 


a high temperature than under a low temperature regime. 


SE —— — ————— 
1/ Department of Plant Pathology, East Malling Research 


Station, East Malling, Maidstone, Kent, England. 
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; POSSIBILITY OF COMBINING LOW LEVELS OF FIRE BLIGHT RESISTANCE 
IN PEAR 


T. van der Zwet 

Fruit Laboratory 

Plant Genetics & Germplasm Institute 
U. S. Department of Agriculture 
Beltsville, Maryland 20705 USA 
Abstract 

Low levels of fire blight resistance within P. communis 
can be successfully combined and increased to a height not observed 
previously in this species. Combinations of 'Bartlett', "Seckel', 
"Comice', and'Ree Carlo di WurteMberg' (RCW) each provided some 
degree of resistance which were additive, resulting in resistant 
selections such as Mich.-US 437, US 301, US 307, US 309, US 342, 

US 539, and others. The combination of additive sources of Pea tecance 
have resulted in highly resistant cultivars such as Magness, Moonglow, 
and Dawn. 

Resistance to fire blight can be destroyed, however, by combining 
resistant selections with cultivars such as 'Conference', which 
contribute susceptibility to progeny. Evidence has been obtained 
for a dominant gene, Se, in these cultivars, causing unusual sensi- 
tivity to the blight organism. Approximately half of the var- 
iability in resistance to blight in pear is additive. The high 
frequency of highly resistant selections resulting from crosses 
between nonsensitive (sese) P. communis cultivars indi- 


cates that selection for high resistance within progenies of such 


populations will result in a genetic gain. 
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Introduction 

Most cultivars of the dessert pear (Pyrus communi s) 
are susceptible to fire blight but degrees of susceptibility may 
range from moderate to very susceptible. High degrees of resistance 
have been observed only in other P y r us species and their hybrids. 
Using species other than P. communis in breeding has the 
disadvantage that fruit characteristics of the offspring are not 
readily accepted commercially and it will take several generations 
to reach the desired size and quality. Blight data accumulated 
in our pear breeding program indicated that a considerable number 
of seedlings in progenies of low to moderately resistant parents 
were resistant. A _ brief qieenaei on on possibilities to develop 
blight resistance from relatively susceptible material is pre- 
sented in this report. 
Materials and Methods 

We have produced numerous hybrid progenies in the pear breeding 
program. The seedlings were planted in the field spaced 120 cm. 
apart in 90 cm double rows, 4.8 m apart. Trees were maintained 
in clean rows in “pe! el fertilized early each spring and again 
in early summer so that tree growth was vigorous and very succulent. 

Fire blight occurred as natural infection and no attempt was 
made to prevent or control it by pruning or spraying. All trees 
in this orchard were subjected to several blight epiphytotics. 
Each fall, individual trees were scored for total amount of blight 


damage. Scores, based mainly on age of wood infected and total 
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percent of tree blighted, were designated by a numerical eodels 
from 10 to 1 with the higher scores indicating the least damage 
(van der Zwet et al., 1970). Blight class 10-8 is considered 
highly resistant, 7-6 resistant, 5 susceptible, and 4-1 very sus- 
ceptible. Bell et al. (1976) established on the same material 

the adjusted phenotypic score (APS) by indirect comparison of 
parents common to each evaluation.’ They also computed the average 
combining ability (ACA) from mean progeny fire blight scores as 

a measure of parental prepotency for transmission of resistance. 
Each calculation involved 227 progenies. 

Sensitivity genotypes Sese or sese and the tendency to produce 
an excess of sensitive seedlings (TSS) were determined by Thompson 
et al..(1975) from genetic analysis of the above material. 

For the purpose of this discussion, only selected examples 
are used to illustrate the point. Detailed information can be 


obtained from the original papers. 


Results and discussion 
Resuits and cescusss= 


The selected examples presented in Figure 1 illustrate that 
there are additive and non-additive effects in fire blight re- 
sistance. Crosses of parents with relatively low fire blight 
scores (Fig. 1A) resulted in phenotypic selections which, when 
further crossed with either 'Comice' or 'Ree Carlo di Wurtemberg’ 
gave resistant selections and a high percentage of re- 
sistant seedlings in subsequent progenies. This illustrates the 


additive nature of fire blight resistance in certain parents. 
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In contrast, all crosses where 'Conference' was used as a parent 
Peshitea in susceptible seedlings and this cultivar behaved as 
a non-additive parent transmitting a high degree of susceptibility 
(Fig. 1C). 

There are intermediate cases between the two. In almost all 
progenies, the original cross was made with 'Bartlett' resulting 
in relatively resistant selections, but when 'Bartlett' was used 
again, the proportion of resistant seedlings in the progeny de- 
creased to very low levels (Fig. 1B). This character of 'Bartlett' 
will be discussed later. 

All 6 progenies in this study contained the susceptible cultivar 
Barseck Gaastied x 'Seckel') three generations back as the 
maternal or paternal line of the cross. In turn, ‘Barseck' x 
aeeriere’ resulted in the moderately resistant selection Mich.- 
US 437, which has been extensively used in our breeding program. 
Crossed with the cultivars 'Comice’ and 'RCW', it has produced 
several resistant selections like US 301, 307, 309, 342, 539, 
and others. The selections US 353, US 570, and US 3866-E were 
released in 1960 as cultivars 'Moonglow' (Comice x RCW), 'Dawn' 
(Mich. US 437 x Comice), and 'Magness' (Seckel seedling x Comice), 
respectively. | 

The genetic characteristics of the parents, used in Figure 
1 are given in Table 1. Characterization about the presence or 
absence of the Sese gene, the adjusted phenotypic score (APS) 


and the average combining ability (ACA) are valuable when parent 
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selection is important. Information on the tendency to produce 
excessive sensitive seedlings (TSS) is available for only a few 
of the parents, but it could aid in further characterizing parents 
with the Sese genotype. The data in Table 1 indicate that the 
combination of low level of resistance is most successful if the 
genotypes are sese or Sese with a O TSS. When the TSS score is 
one plus, as in the case of 'Bartlett', the combination is not 
nearly as successful. When a cultivar with the Sese genotype 
produces an excessive quantity of sensitive seedlings, resistance 
is completely destroyed in the progeny. 

It appears that, based on several hundred crosses in our breeding 
progran, rere are four independent sources of low levels of blight 
resistance. These sources are 'Seckel', 'RCW', 'Comice', and 
'"Bartlett'. 'RCW' may be considered as a moderate to high source 
of resistance, whereas ‘Bartlett’ is a very low source. 

Evaluation of the genetic inheritance pattern of each of the 
four cultivars transmitting blight resistance is difficult. Several 
research workers have tried to evaluate combining ability to produce 
resistant seedlings. Their methods differed mostly because of 
the disagreement on the classification of phenotypic resistance 
of the cultivar studied. In a review of pear cultivars, 'Seckel’, 
was cited by 6 authors as resistant, 7 as susceptible, and 15 
as moderately resistant (van der Zwet and Keil, 197/). bell et 
al. (1976) and Thompson et al. (1975) indicated that it carries 


the Sese gene with a 0 TSS. In our experience, 'Seckel' 
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is a parent of the most resistant group of seedlings and selections. 
Therefore, we rated this cultivar as at least moderately resistant 
to fire blight. 

"RCW' is very similar with the exception that less data is 
available on this cultivar. It behaved in our breeding program 
the same as Seckel and numerous artificial inoculations produced 
negative results (van der Zwet, 1976). Therefore, we regard 'RCW' 
as a very good source of fire blight resistance. 

"Comice’ was one of the few cultivars in the resistant group 
with an average score of 7.0 in a severely blighted orchard at 
Beltsville (van der Zwet ae al., 1974). Even though one tree 
died from blight, 57% of the trees were moderately resistant. 
Thompson et al. (1975) rated 'Comice' as sensitive to fire blight 
phenotypically and to be heterozygous at the Se locus. In our 
breeding program, 'Comice' has produced a considerable number 
of resistant selections. 

"Bartlett' is usually regarded as very susceptible. According 
to Bell et al. (1976), it has an APS rating of 2.3 and carries 
the Sese genes. In some of the early crosses, it produced relatively 
resistant selections. ‘Bartlett’ was also regarded having an 
ACA of 4.0. We know from experience that it often takes several 
years for ‘Bartlett’ trees to die following infection. This is 
in contrast to trees of cultivars that can be destroyed by blight 
within one year. This apparent resistance may be associated with 


tthe resistance of the trunk and major scaffold limbs to the blight 
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organism (van der Zwet and Oitto, 1972). However, it could also 
be due to some type of general resistance. The eee eee evalua- 
tion of 'Bartlett' is confused because, when 'Bartlett' is used 
to improve fruit quality at late stages of crosses, it destroys 
resistance, but when Laxtons Progress ('Marie Louise’ X 'Bartlett') =I 
is used, resistance is apparently maintained. Therefore, 'Bartlett' : 
may carry a low level of resistance but its Se gene may be diluted 
before expressing its resistant character. : 
"Conference' is an excellent example of a susceptible cultivar. 
It is much more susceptible than 'Bartlett'. When 'Conference' 
becomes reer by blight, the tree is destroyed by blight within 
a short period of time. Bell et al. (1976) gave 'Conference' 
an APS of 1.1. Thompson et al. (1975) indicated that an excessive 
number of sensitive seedlings were produced in its progenies. 
On this basis, we have concluded that it should be excluded from 
breeding programs which require a reasonable level of resistance. 
semeihey; cultivars include 'Ananas de Courtrai', 'Devoe', and 'Forelle’ 
(van der Zwet and Oitto, 1972; van der Zwet et al., 1974*). 
We have developed fire blight resistance within P. communi s 
by combining low levels of resistance and by avoiding Sese genotypes 
with a tendency to produce an excess number of sensitive seedlings. 
Species crosses have no advantage if the only purpose is the 


development of fire blight resistance. Species crosses have an 


advantage over P. communi s crosses when, insect or fungus 


resistance is required along with fire blight resistance, since 


those two characteristics are not present inP. communi s. 


ye 













oele bluog 3i .svevewoH (Otel .esem Sad sewt sab any). 
ve ounRsales? 3) .vonsjaiss? jaseney 20 eqy] Soe GF) 


hoew ei ‘t3elo7n@' oodw ,etugeed bebetpes eft “goelaueG? 36 


7 
_ 


svosyassh i] ,asxeoro Yo sagade siel Ya villaup 3ivad Svame 


- 
7 


t3939x~6' X 'saluwod alealt') 2eengott acoszal nome .-aneee 
= 

, 

isiaguni’ .ssotered .banisinzaa ¢liesteqqe ei sanmbieless be iS 
7 

beaulih ac Yyem etieg 2 ‘t apd soceatetaes to Ievel wol @ 
+ 

-reJoatad> Insseiess e371 gotaessgRe oom 

»wavisigo eldisqocans to elqaze toe] leoxs oe si “sageasetned 
7 

. _ 

‘sonetetae?’' ae .*stelouce8’ onde sidijqeoays stom Game 

oidscw t¢gild qd beeostaeb ef saxd offs (Sdgild od bessalak oe 


: oj % 
- 
ee 





eo 


atilbes: evitizees to aedewe. feegee of 





















o3a08 167007 jog (OTOL) .te 3a iieG .emks, to belisey 
_ 


oe 9 08 Jhe stjeniber (ETO) fs ae eheqmaT vied lo ef 
PSLNAZOT™T Be >psaubotq etew eagnilbese avisianuse to. ried 


: 1 

anv? heboloxe ef bilvode 3] taeda bebuloasos eved ow ,alaad 
rt 

soma2niags to leys! sidanoersa 6 salypes dolce Amz HOT: 


208' bes ,'90ve' ,'iae7twed ob semamA’ sholont apawksls oe 


-(*eotel , ie se Sowk seb gaw gitel ,os220 bom 2 X 20 


oe 

uae op .f sigeiw sosegatass sepild xt nsqoleveb | ve 
a 

‘7:8 


riegeay sesé gathiove ¢f bas sooptekesz Qo alovel wol 
ie od fy 
* 


ea 2i seoueog “law wf 32 spate oa ore 
ee 
oe 


- 
’ 
+ ‘ 





| 2.>o 9 
—- 
' 


ae overt teaeonw cobaeed -esanuetues. 2 ak 
f *“ i 
Os al 
eirpoyl vo s08ec2 1808 pecan 8 . 
er st 


: 7 
eogie .wotobeed ai x3 gj bw paola bax 
aie i. ’ 


2ipaummeog 


References 

Bell, R. L., Janick, J., Zimmerman, R. H., and van der Zwet, T., 
1976. Estimation of heritability and combining ability for 
fire blight resistance in pear. J. Amer. Soc. Hort. Sci. 
101l:in press. 

Thompson, J. M., Zimmerman, R. H., and van der Zwet, T., 1975. 
Inheritance of fire blight resistance inPyrus. I. A 
dominant gene, Se, causing sensitivity. J. Hered. 66:259- 
264. 

Zwet, T. van der, 1976. Comparative sensitivity and response 
of P y rus tissue to infection by Erwinia 
amylo vora. In "Current Topics in Plant Pathology", 
Symposium Hungar. Acad. Sci., Budapest, in press. 

Zwet, T. van der and Keil, H. L., 1977. Fire blight. U.S. Dept. 
Agric. Handbook, in press. | 

Zwet, T. van der and Oitto, W. A., 1972. Further evaluation of 
the reaction of "resistant" pear cultivars to fire blight. 
HortScience 7:395-397. 

Zwet, T. van der, Oitto, W. A., and Blake, R. C., 1974. Fire 
blight resistance in pear cultivars. HortScience 9:340-342. 

Zwet, T. van der, Oitto, W. A., and Brooks, H. J., 1970. Scoring 
system for rating the severity of fire blight in pear. Plant 


Dis. Reptr. 54:835-839. 


Scaaallliaaiemnnmnenetonen 












ecsns etek 
nT 
- 
* t& | eo ¢: < 
OSG] 
Vv 
A ae: 
ar | ‘se nny FF c 
2 | > a i + > | i () g 2 






. s . . * an ot 

SL Te SonelocsTog .8tEVidinue tTheg al sommialees trig hl 
; “ae % 

pe 


- al TT - be j ‘4 ; ‘7 
onb 6. OT?! -H ,sd0078 Bas ,.A .W .o3350 seb 
ata, 


Sa , ia > ‘ > - 7 ™ 
{% .seeq- al tdgild #223 Yo ysizeves ac2 getiey 70% mags 





A795 


Zwet, T. van der, Oitto, W. A., and Westwood, M. N., 1974*. Variability 
in degree of fire blight resistance within and between P yrus 
species, interspecific hybrids, and seedling progenies. Euphytica 


23229) —3504. 





“tr - 


wpe | 7 





ae 
ciilideiza¥ .*OT@l ,.H .M ,boowJaeW bap . oA SN jesd20 ,28b Rew am 






8v <= % ¢ eesewoed bos cidsiw sane3sinet Gaelid ett? to oozgah cs a 






sotsqiqua .aslosgorq gatiheea bas .shiedwlt Sieloeqeyszal sos . 


‘i » 


. SOE “208: is 





4 


ed 
—_ 








A MAGNESS 4 


Seckel (7) 
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Progeny 63728 Bartlett(2) x Seckel(7) 
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Figure 1. Examples of combinations of low levels of fire 


blight resistance in seedling progenies within 
Pyrus communis (Blight scores are in parenthesis. ) 
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Table 1. Summary of genetic characteristics of certain pear cultivars 
and selections (after Bell et al., 1976 and Thompson et al., 


T975)% 
co ge a 
Cultivar/ Sensitivity 
selection genotype aps L/ AcA 2/ tss3/ 
eae eee eee ee even ME Rien wnrs me we A ek TG ee 
US 1832 sese 8.6 4.4 
Magness sese 8.3 ae 
RCW 8.0 4/ 
US 301 sese 7 5.3 
US 1753 sese — TESA 6.35 
Giant Seckel 7.0 Sy 
Seckel Sese vada all 4.1 0 
Useo39 sese 6.8 ers 
US 307 sese Orn 4.8 
Mich-US 437 yal 
Comice Sese 4.7 3.8 0 
Mich-US 504 74 | 
Beurre Bosc Sese 220 5.0 + 
Bartlett Sese 2a 4.0 + 
Conference Sese ilpall Bek ++ 


eee 
1/ Adjusted phenotypic score 

2/ Average combining ability 

3/ Tendency to produce excess of sensitive seedlings 


4/ Modified score from Bell's original calculated figures of 1.8 (RCW) 
and 1.9 (Seckel) 


5/ Lowest blight score recorded at Beltsville 
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Pertinent Statements Made During Discussion on Resistance 


Penetration of E. amylovora through leaf glands occurs most fequent when 


the leaf is extremely young. As the leaf ages, the glands become less 


susceptible. (Goodman) 


Petiole inoculation - Inoculation through petiole of leaf close to the 


last expanded leaf. (Billing) 


Stem apex inoculation - There is no such thing as a stem apex; just a 


bunch of leaves that have petioles. (Aldwinckle) 
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TOUR OF SOME FIRE BLIGHT FIELD EXPERIMENTS 
AT GENEVA EXPERIMENT STATION, SEPTEMBER 22, 1976 


J. L. Preczewski and Herb S. Aldwinckle 


Comparative field screening of 1- and 3-year-old apple 
seedlings for susceptibility tobiixve blight 


The purpose of this study is to develop a field method of 
determining vegetative fire blight susceptibility to assist in 
the breeding program for developing resistant varieties. In 
the past, a midsummer fire blight screening test was done in 
the greenhouse after the seedlings had been screened for scab 
and rust susceptibility. The need for more uniform plant growth 
influenced the decision to conduct the fire blight screening test 
after the seedlings had been planted in the field. 


Several thousand 1- and 3-year-old seedlings planted as 1-0 
stock in seedling rows were needle-inoculated in mid- to late 
July. Early results indicate that testing 3-year-old seedlings 
is the preferred method because of the reduced need for pest con- 
trol and the production of multiple readings per seedling. 

Sample progenies are shown in Fig. l. 


Establishment of an apple orchard suited for field 
evaluation of fire blight control measures 


The primary purpose of this orchard is to carry on the 
epidemiological and control studies begun at Epicon I in Wayne 
County. The orchard is well established, and beginning in 1977 
techniques perfected at Epicon I will be used in applying and 
evaluating treatments. The orchard, which is located on the 
Vegetable Research Farm, consists of two sections. The first 
section, which will be used to test blossom blight control 
measures, consists of 90 3-tree plots; every plot containing one 
tree each of the cultivars Empire, Idared and Wayne. These 
cultivars are representative of early-blooming and late-blooming 
susceptible varieties and a resistant variety. The other orchard 
section, which will be used to test vegetative blight control 
measures, consists of 77 3-tree plots of the susceptible variety 
Idared. 


Establishment of an apple orchard suited 
for field studies on varietal resistance 


One purpose of this orchard is to evaluate fire blight ; 
blossom susceptibility of 35 economically important or promising 
varieties and numbered selections. The planting consists of 8 
single tree reps of 33 varieties and 35 single tree reps of two 
reference varieties; Idared and Monroe. In 1978, trees growing 
in this orchard will be subjected to a controlled inoculation 
by methods being developed at Epicon I. This orchard is located 
adjacent to the control evaluation orchard (see map). 
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Cross 72742: NY 53710-95 xX NY 55140-19 
(susceptible) (highly resistant) 
60 
Yo N= 56 
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Fire Blight Infection 
(% lesion length) 


Cross 72700: Ottawa 523 xX NY 55140-19 
(highly resistant) (highly resistant) 
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Fig. 1. Reaction of sample progenies to inoculation with 
Erwinia amylovora as 3-year-old seedlings: in the field. 
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Fire Blight Orchards - Vegetable Research Farm 
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Cuemicale Control Testing 
90 3-tree plots; Idared, 
Wayne, Empire 


Chemical Control festiung 
JiesB—treemplotssatdared, 
Idared, Idared 


Varietal Susceptibility 


350 1l-tree plots; 


55) Varieties Empire/various rootstocks 


Total planting - 850 trees 
Peanceaqwin spring, 1975; 0-2 stock 
Meubles rootstock 

10’ x 17' spacing; 15' between plots 
Total area - 4.2 acres 
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